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Death Due to Dioxane? 


RUTHERFORD T. JOHNSTONE, M.D., Los Angeles 


A considerable portion of my practice 
consists:in reviewing the pro and con opin- 
ions held by other physicians and then 
preparing a documented answer to the ques- 
tion, “Is or is not the case at hand of 
occupational origin?” 

Occasionally among a profusion of con- 
troversial cases will be one which is unlike 
any case previously experienced or studied 
and in which the literature is devoid of a 
similar syndrome. Under such circum- 
stances there exists the temptation, and 
sometimes a warranted obligation, to record 
in the literature this stray case .or the so- 
called first of its kind case, if it can be 
documented satisfactorily. 

Additionally, however, there is the first 
of its kind case which, because it lacks cer- 
tain desirable facts or investigative proce- 
dures, fails to meet the requirements of 
complete documentation but, nevertheless, 
does contain the factors of rather convine- 
ing probability. With this latter viewpoint 
in mind and with recommendation for such 
consideration, the following case is sub- 
mitted. 

After being exposed for only one week 
to dioxane, a workman developed an acute 
illness which terminated in his death. The 
widow claimed that the death was due to 
a chemical exposure. The insurance carrier 
was reluctant to accept the claim, basing its 
position upon the information its medical 
department had gathered from the Ameri- 
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literature. The 
brought to me for my opinion. 

A 21-year-old Mexican-born man, married and 
father of one child, was admitted to the Hunting- 
ton Memorial Hospital on Oct. 19, 1958, on the 
service of Dr. D. T. Edmeades. He complained 
of severe epigastric pain radiating to both lumbar 
regions. The patient stated that approximately 
one week prior to the hospital admission he had 
passed a physical examination made by the company 
doctor. 


can medical case was 


At the time of admission his blood pressure 
was 190/100, pulse 84. The admitting physician 
in the first-aid room learned that the patient had 
been drinking beer each night after work and on 
occasions rather heavily. He was questioned and 
denied any exposure to lead, arsenic, mercury, 
kerosene, gasoline, or carbon tetrachloride. He 
likewise denied all thought of suicide. 

One hour after admission his blood pressure 
was 200/100, pulse ©“8. There was no evidence 
of trauma or needle marks of the skin. The neck 
was not stiff. Fundal vessels appeared normal, 
and there was no evidence of papilledema. The 
lungs were clear. Examination of the abdomen 
revealed slight guarding of the abdominal mus- 
culature generally and marked spasm of the lum- 
bar muscles posteriorly. He was acutely ill and 
writhing with pain in the epigastric region. 

At 11 o'clock the patient complained of severe, 
throbbing, suboccipital headache, and the blood 
pressure rose to 220/120. A flat plate of the 
abdomen revealed a loop of the small intestine 
with gas in it. There was no subdiaphragmatic 
air. While being examined at 11 a.m., the patient 
developed a severe convulsion which was general- 
ized and associated with extreme cyanosis. He 
went into shock; respiratory stridor developed 
as well as deep unconsciousness. Oxygen was im- 
mediately applied, and the condition gradually 
improved but was accompanied by extreme rest- 
lessness. He was given 5 gm. Sodium Luminal 
and 50 mg. meperidine (Demerol), 1,000 cc. ‘of 
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5% dextrose, and saline. During the day of Oct. 
19, 1958, only 30 cc. of urine was put out and 
complete renal shut-down occurred. Despite rather 
large amounts of dextrose, saline, and other 
medication, the anuria persisted. The artificial 
kidney team from Los Angeles County General 
Hospital was called in consultation, but it was 
the opinion that cerebral changes were not con- 
sistent with the elevation of the N.P.N. and 
that another toxin was present which was caus- 
ing the cerebral and nervous system degeneration. 
It was their decision to wait until clinical uremia 
developed before attempting mechanical renal 
dialysis. By supportive treatment the N.P.N. was 
kept under control, and on Oct. 24, the patient 
began to put out urine. In a 24-hour period he 
excreted 125 cc. of urine. During this period the 
rise in the N.P.N. was only 5 mg. %, from 176 
to 181. However, very definite deterioration oc- 
curred in the cerebral status; the patient became 
more comatose, extremely agitated, and resistive, 
and the blood pressure rose again to levels of 180 
to 220 systolic. 

On the morning of Oct. 25, at 8:30 a.m., the 
patient could not be aroused. Slight papilledema 
was present bilaterally, with some segmental 
spasticity of the veins in the fundi. The lungs 
appeared clear. A brain-stem type of respiration 
was apparent. Neurologically, he was deeply 
comatose; no reflexes were obtainable, and no 
pathological reflexes were apparent. The blood 
pressure dropped to 120 systolic, pulse went to 
88. The patient died at 9:10 am., Oct. 25, 1958. 

Postmortem Examination—The organs of im- 
portance involved at autopsy were the liver, brain, 
and kidneys. The liver showed uniformly severe 
centrilobular necrosis of the hepatic cells. Micro- 
scopic study of the kidneys showed necrosis in 
the cortex, with extensive interstitial hemorrhage. 
The adjacent cortex and medulla showed mod- 
erate numbers of red blood cells in the tubular 
lumens. The arterioles showed mild _ thickening, 
and there were moderate nephrosclerotic changes, 
with occasional hyalinization of glomeruli. 


The brain showed moderate perivascular widen- 
ing. Scattered small foci in the basal nuclei showed 
demyelinization and partial loss of nerve fibers, 
with basophilic staining reaction. Sections of the 
medullae showed marked focal softening and 
patches of demyelinization. Sections of cortex 
showed widening of the spaces about the ganglion 
cells. The microscopic summary was (1) genito- 
urinary tract: focal necrosis, kidneys; (2) liver: 
centrilobular necrosis; (3) respiratory system: 
bronchopneumonia, and (4) nervous system: focal 
malacia, secondary to anoxia and cerebral edema. 

Occupational History.—After a meager education 
in Mexico, the patient became a farm laborer. 
He continued to be a laborer after coming to 
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the United States in 1955. No previous employ- 
ment involved any chemical exposure. He began 
working for the U.M. Products Company on 
Oct. 13, 1958, being assigned to a bench, 15 ft. 
above which was a roller around which sheet 
aluminum revolved and during which time the 
aluminum was mechanically coated with a tena- 
cious resin-type glue. The roller shuttled back and 
forth, so that when the aluminum roll dropped 
down onto the bench it folded upon itself in layers. 
It was the worker’s job to keep the edges uniform 
and to keep the bench free of any glue which 
might drop down from above. 

To wipe off the bench and to keep his hands 
free of glue the worker used liquid dioxane which 
he kept in a bucket between his knees. It was the 
employer’s contention that only dioxane adequately 
dissolved this glue. 


Environmental Study 


The room in which the patient had worked was 
70 ft. long, 50 ft. wide, and about 25 ft. high. 
No exhaust ventilation was utilized, and the 
worker was supplied no respirator. Measurements 
of the atmosphere showed a minimum concentra- 
tion of dioxane of 208 ppm and a maximum in 
excess of 650 ppm. The average concentration 
of dioxane was 470 ppm. The American Confer- 
ence of Governmental Hygienists suggests a con- 
centration of 100 ppm as safe for repeated daily 
eight-hour exposures. 


Chemistry of Dioxane 


Dioxane is 1,4-diethylene dioxide, a 
colorless liquid with a faint, pleasant, 
etherial odor. Animal experimentation re- 
veals it can be absorbed through the skin. 
In addition, it can be absorbed by ingestion 
and inhalation. 


Comment 

Prior to my study of this case, the insur- 
ance carrier’s position was based upon the 
following contentions: 

1. The patient was a known alcoholic 
and that his death could be due to alcohol- 
ism. 

2. The foreman in this plant had been 
exposed to dioxane for many months with- 
out evidence of ill-effects. 

3. It had been informed that in the 
American medical literature there were no 
recorded deaths due to exposure to diox- 
ane. 
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DIOXANE 


4. It had been informed that animal ex- 
perimentation by Yant and his co-workers 
demonstrated no outstanding pathology. 

5. Dioxane is widely used in industry. 

The above contentions were given full 
consideration but also were the following: 

1. Admitting that the history in this case 
indicated that the deceased worker had been 
an alcoholic or at least a heavy drinker, he 
was not intoxicated from alcohol when he 
was admitted to the hospital. This was so 
evident to the admitting physician that he 
ordered blood-alcohol determination. 
Furthermore, the possibility exists that the 
alcoholic may be more susceptible to di- 
oxane intoxication than the nonalcoholic. 

2. The animal experimentations con- 
ducted by Yant et al.! were to inhalation 
exposure only (1930). Subsequently Fair- 
ley? and his associates found liver and 
kidney damage after absorption by inhala- 
tion and by skin penetration (1934). Leh- 
mann and Flury* obtained similar results 
from animal experimentation. Barber‘ re- 
ported five human fatalities due to exposure 
to dioxane. 

3. Environmental studies of the atmos- 
phere where the deceased worked revealed 
the concentrations to be far in excess of 
the permissible limits. 

4. Not only was the worker exposed to 
high concentrations such as existed in the 
room, but he sat directly over a bucket of 
dioxane. 

5. In addition to inhalation, there was 
undoubtedly considerable absorption 
through the skin, since he frequently 
dipped his hands into the dioxane. 

6. No other cause of death was demon- 
strable. 

In the Guy’s Hospital Reports of 1934, 
3arber stated that the five men who died 
had been exposed to dioxane for 16 months 
but that the circumstance which induced 
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their acute illness and death was one in 
which the exposure “had been intensified” 
—a situation requiring the men to put their 
heads into a vat containing dioxane. 


Summary 


It is to be reiterated that I was not called 
in consultation to see the patient whose 
case history has just been presented. My 
only function was to review the medical file 
after death. Admittedly certain evidence 
necessary to make this a completely docu- 
mented case is absent. Nevertheless, the 
factor of probability is present. One can- 
not discount the factor of excessive concen- 
tration, the similarity of the syndrome to 
the English cases, and the apparent absence 
of any other cause of death. 

Therefore, it seems fair to conclude that 
(1) daily exposure to permissible concen- 
trations of dioxane does not produce path- 
ological disturbance in the human, or at 
least such has not been reported; (2) ex- 
posure to undue concentrations can result 
in acute illness and possibly death, and (3) 
it would appear that there is cerebral in- 
volvement as well as involvement of the 
liver and kidneys. 


1215 Brockman Building, 520 W. 7th St. (14). 
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Subacute Boron Hydride Intoxication in Rats 


Neuropathological and Histochemical Investigations 


REINHARD L. FRIEDE, M.D., Dayton, Ohio 


Introduction 


Recent use of boron hydrides (diborane 
[BeHg], pentaborane and de- 
caborane [BioHi4]) as high-energy fuels 
has generated a need for information on 
their toxicology and mechanism of action. 
Diborane is hydrolyzed rapidly upon con- 
tact with water and produces predominantly 
pulmonary symptoms. Pentaborane and 
decaborane are known to be toxic to the 
central nervous system. Dizziness, head- 
ache, drowsiness, restlessness, tremors, and 
chills have been reported in human intoxi- 
cations (Rozendaal,4* Lowe and Free- 
man’); excitability, incoordination, ataxia, 
tremors, convulsions, and coma have been 
noted in animals (Wills,’® and Krakow §). 

A study of possible neuropathological 
changes is indicated because of the marked 
susceptibility of the central nervous system 
to this new class of compounds. The 
neuropathology of intoxication with boric 
acid was studied by Pfeiffer, Hallman, and 
Gersh * in dogs. They found a temporary 
hyperchromasia of neurons in the brain and 
spinal cord and also neuronophagia. In the 
kidneys tubular and glomerular damage was 
noted. No neuropathological investigations 
are available at this time on boron hydrides. 

The present investigation is concerned 
with the neuropathology in rats receiving 
subacute exposures to HEF-3, a decaborane 
compound high-energy fuel. 


Material and Methods 


Albino rats of Sprague-Dawley strain received 
cutaneous applications of undiluted HEF-3 to ex- 


Received for publication May 4, 1959. 
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posed areas of their backs. Male animals weigh- 
ing approximately 400 gm. were used throughout. 
In preliminary experiments two rats each re- 
ceived doses of 0.05, 0.025, and 0.012 cc.* on suc- 
cessive days, while a seventh rat was exposed to 
0.1 cc. per day. These doses proved lethal within 
several days. In the final series of 30 animals, 
therefore, the doses were adjusted to maintain 
the animals in a state of severe intoxication ap- 
proaching lethal level. Three animals died during 
the experiment, apparently of excessive exposure. 
Almost identical reactions were noted in the in- 
dividual animals in spite of uncertain conditions 
of absorption and inaccuracies in cutaneous appli- 
cation. The doses were reduced at subsequent days 
because of the accumulative effect of the intoxica- 
tion. Usually, 0.05, 0.05, 0.025, 0.025, and 0.01 cc. 
were applied on subsequent days. After two days 
without exposure the sequence of applications was 
repeated. An effort was made to adhere to this 
schedule of applications; however, the doses were 
reduced if the animals showed severe symptoms. 
A group of 15 animals was subjected to this 
dosage schedule for a period of two weeks (total, 
0.28 cc.). A second group of 15 animals was 
maintained on this dosage schedule for a period 
of four weeks (total, 0.575 cc.). The animals 
were killed on the last day of exposure; however, 
two animals of the group exposed for four weeks 
were allowed to survive exposure for 18 days. The 
animals which died during the experiment were 
disregarded, since the brains were not obtained 
immediately upon death. Five normal rats of the 
same breed were used for controls. Control ma- 
terial of normal brains was available for the histo- 
chemical enzyme studies described below. 


The weight of the animals was recorded to rule 
out changes due to starvation.*® The average 
weight was 444 gm. one week before the experi- 
ment. At the beginning of the experiment, the 
average weight was 452 gm.; after the 4th day 
the average was 419 gm., and on the 10th day it 
was 389 gm. A slight weight gain was found 
during the last week (414 gm.). The loss of 
weight was probably due to reduced food intake 
resulting from the drowsiness of the animals. If 
stimulated, the animals usually started eating. 


* 1 cc.—=820 mg. decaborane. 


Ex es 

| 

th 


BORON HYDRIDE INTOXICATION 


The rats were killed under chloroform anes- 
thesia, and brains and samples of spinal cord were 
removed within a few minutes. The contracting 
of the masseter muscles was observed as_ the 
trigeminal nerve was cut, indicating that viable 
material was available for the histochemical tech- 
niques. Ten brains (four of each group and the 
two surviving animals) were fixed with Carnoy’s 
solution, while the remainder were fixed in 10% 
formalin. If Carnoy’s solution was used, it was 
poured over the brain immediately upon exposure 
to prevent superficial artifacts. After immersion 
in Carnoy’s fluid for some minutes, the brain was 
cut into slices. This technique fixes the tissue 
practically as fast as perfusion does if applied 
to the brain of smaller rodents, since the exposure 
of the brain may start before arrest of circulation. 
Random samples from other organs and skin 
samples from the site of application were collected. 

Brains and spinal cords of three rats, submitted 
from the Army Chemical Center, were also studied. 
Two rats had received eight daily cutaneous doses 
of 50 mg. per kilogram within an 11-day period, 
and one had received six daily doses of 79.4 mg. 
per kilogram within an 8-day period. 

Since preliminary studies indicated minimal 
morphological changes, histochemical techniques 
were employed to investigate other possible changes. 
The following techniques were applied to paraffin 
or frozen sections made from representative areas 
throughout the brain: LEinarson’s chromalum- 
gallocyanin stain for nucleotides, the ninhydrin- 
Schiff reaction for proteins, the periodic acid-Schiff 
reaction for glycogen and other polysaccharides, 
and Sudan black and oil red O for lipids. Fresh, 
frozen tissue sections were employed for the dem- 
onstration of succinic dehydrogenase by an im- 
proved tetrazoblium technique (Friede*). Both 
4,4-bis-(3,5 diphenyl-2-tetrazolium-biphenyl) chlo- 
ride, or Tetrazolpurpur, Bayer, and Nitro BT 
(Nachlas and co-workers™) were used. Besides 
these histochemical techniques, hematoxylin and 
eosin and Hortega’s silver carbonate technique for 
astrocytes were employed. 


Results 


Local Changes at the Site of Application. 

Where HEF-3 was in contact with the 
skin, a pale, necrotic area appeared. This 
area was frequently delineated by a 
zone, sometimes containing 
visibly dilated vessels. After several ap- 
plications, a thick crust of necrotic tissue 
formed at the point of application, but it 
did not hinder the absorption of fuel. After 
desquamation of the crust a thin layer of 


Friede 


hyperemic 


skin appeared or, if the application was con- 
tinued, renewed necrosis was observed. 

Symptoms of the Intoxication—Symp- 
toms appeared about one to two hours after 
application and were of central nervous 
system origin. They reached maximal 
strength within about six hours and disap- 
peared by the following day. Three stages, 
easily discernible, reflected the severity of 
the intoxication: (a) a stage of hyper- 
excitation and aggressive behavior, (b) a 
stage of depression, and (c) a comatose 
stage. These stages were transient. The 
first two were completely reversible; the 
third usually preceded death. It was pos- 
sible to maintain the animals in the first 
two stages by adjusting the dosage. The 
stages of the intoxication are described in 
detail in the following paragraphs. 

The stage of hyperexcitation and ag- 
gression was characterized by an increased 
reactivity to any stimulus and by behavioral 
changes. Undisturbed rats sat in their cages 
quietly with closed eyes, but stimulation 
induced a state of excitation: the rats 
would jump, show quick and coordinated 
movements, twitch, or have tremors. Most 
pronounced, on the other hand, were behav- 
ioral changes. The rats became extremely 
aggressive and would attack the operator 
or any foreign object placed in their 
vicinity. They resisted handling and would 
squeal, obviously in extreme rage. These 
behavioral changes were linked to the first 
stage of the intoxication; they did not seem 
to result from pain at the local necrosis, 
since they appeared and disappeared as the 
intoxication passed. The animal’s behavior 
was completely normal after recovery from 
the intoxication. 


The depressed stage developed eventually 
from the hyperexcitatory and aggressive 
stage; the animals became inactive and 
drowsy, scarcely reacting even to strong 
stimuli. This depressed stage might sud- 
denly be interrupted by a short bout of 
extreme agitation. With increasing severity 
of the intoxication, however, the animals sat 
quietly and would not react even to rough 
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handling. If the rats were walking or were 
forced to walk, they moved slowly and 
uncertainly with their legs spread farther 
apart than normally. These movements 
resembled a cerebellar ataxia, but they might 
result from a general weakness or drowsi- 
ness as well. In the hyperexcitatory stage, 
the movements were well coordinated and 
there was no indication of ataxia. 

The second stage of the intoxication, if 
not reversed, passed into the third or 
comatose stage. The animals were unable 
to maintain their body position and showed 
no reaction to stimuli. The respirations be- 
came slow and irregular before death. 

The stages of the intoxication could be 
maintained by appropriate dosages of fuel. 
The level of intoxication of this series 
fluctuated between the first and second 
stage, but the second was predominant. 

In the acute, lethal intoxication a furious, 
hyper-reactive stage ruled the picture, fol- 
lowed by a short period of depression and 
death. Repeated applications of subliminal 
doses, on the other hand, resulted in no 


symptoms for some days. When the thresh- 
old was surpassed, the symptoms of the 
intoxication appeared suddenly. 

No seizures were observed in the main 
series of this material, although the severity 
of the subacute intoxication approached the 


Fig. 1.— Necrosis of 
the skin at the site of 
application. Hematoxylin 
and eosin; reduced about 
10% from mag. X 80. 
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lethal range. Seizures were observed in the 
preliminary experiments when massive 
lethal doses were applied. The seizures, 
therefore, seem rather to result from the 
unspecific reaction of the central nervous 
system to an acute chemical or mechanical 
disturbance as seen in a vast number of 
acute intoxications or insults. 

Histological Findings at the Site of Ap- 
plication—At the site of application of 
HEF-3, the skin showed necrosis of the 
epidermis and the upper third of the corium 
(Fig. 1). The deeper portions of the 
corium, including the hair follicles, and the 
subcutis were not substantially altered. The 
necrosis was poorly demarcated by an in- 
filtration of polymorphic leukocytes. Some 
proliferation of fibroblasts and some infil- 
tration were found in the subcutis. After 
desquamation of the necrotic tissue, regen- 
eration about hair follicles was noted. A 
subepithelial proliferation of fibroblasts and 
capillaries with some infiltration of leuko- 
cytes was found in this area. With pro- 
longed application, the necrosis involved the 
upper half of the corium and the tissue 
reactions were more pronounced. 

Neuropathological Findings.—Represent- 
ative samples throughout the central nervous 
system were studied with the techniques 
listed above. By the gallocyanin-chromalum 
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stain, variations of the chromatin content 
of the neurons and enlargement of their 
nuclei were found but no indication of 
permanent damage was noted. In particular, 
no loss of neurons, vascular or glial 
proliferations, hemorrhage, gross necrosis, 
or indication of edema was noted. Groups 
of animals exposed for two and four weeks 
could not be differentiated microscopically. 
No preferential site of action was disclosed 
by histological examination. 

The chromatin content of the neurons 
seemed to undergo wider variations in the 
experimental 
especially in the larger neurons. 


material than in_ controls, 


Neurons 
with a reduced chromatin content or with 


Fig. 2—Cytoarchitectonic Area 29 of 
the cerebral cortex of a rat after four 
weeks of exposure. Enlargement of the 
nuciei is evident. Chromalum-gallocyanin ; 


X 320. 
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slightly disorganized chromatin pattern 
seemed more frequent in the experimental 
material; however, no complete chromatoly- 
sis or irreparable damage to cells was seen. 
Dislocated, excentric nuclei were occa- 
sionally seen in areas other than Clarke’s 
column, where they are normally found. 
Hyperchromic and shrunken neurons were 
also frequently observed in the experi- 
mental material and seemed more frequent 
than in controls. 

An enlargement of the nuclei of the nerve 
cells was found besides the irregularities 
in their chromatin content. This enlarge- 
ment of nuclei was found scattered through- 
out all parts of the brain but more 
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consistently in the cerebral cortex (Figs. 2 
and 3), Enlargement of the nuclei is most 
difficult to establish in a cell population of 
varying size. Actual measurements of the 
cell nuclei were made in the fascia dentata 
and in the hippocampus. In these regions, 
the size of the nuclei is normally very 
uniform and small changes can be readily 
detected. The areas are not proposed as 
a site of action but were selected because 
of the reasons stated above. Some 500 
nuclei were measured in two surviving 
animals and in two animals of the four- 
week group. All were fixed under identical 
conditions by Carnoy’s fluid. The nuclear 
diameter of the nerve cells of the fascia 
dentata was found increased from about 


Fig. 3.—Cytoarchitectonic Area 29 of 
the cerebral cortex of a rat after 18 days’ 
survival of a four-week intoxication. The 
region illustrated is homologous to Figure 
2. Chromalum-gallocyanin; > 320. 
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82 to 101p. A similar but less distinct 
enlargement of about 5% to 10% was re- 
corded in the areas H 1 and H 2 of the 
hippocampus. From these results it was felt 
that the extent of nuclear enlargement 
varies in different areas; the effort to estab- 
lish such variations was beyond the scope 
of this investigation. The nucleoli of the 
nerve cells were not changed. 

Specific nuclear configurations of the 
cerebellar Purkinje cells were believed to 
be altered at the beginning of this investiga- 
tion, but this was not supported by further 
study. A hyperchromasia of the nuclear 


membrane with irregular protrusions of the 
membrane or kidney-shaped nuclei were 
found in about 10% of the Purkinje cells 
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in both the experimental animals and in 
controls, counting some 3,000 cells. 

A scattered deposition of fat was noted 
in the endothelial cells of capillaries of 
gray matter. In some of the animals, minute 
fat droplets were also seen scattered be- 
tween cells (in the neuropil) of the cerebral 
cortex, sometimes attached to myelinated 
fibers. Artificial deposition of precipitates 
was carefully excluded in these cases. No 
fatty changes of neurons were noted and 
no deposition of fat was found in control 
animals. No damage was revealed in the 
white matter. The appearance of the myelin 
sheaths stained with Sudan black was nor- 
mal. Hortega’s silver technique did not 
indicate glial proliferation. 

No pathological deposition of glycogen 
was found by the periodic acid-Schiff reac- 
tion. 

The variability of the chromatin content 
of the neurons was reflected by the distribu- 
tion of proteins in them. Such association 
of changes of the protein content and the 
chromatin content of nerve cells were de- 
scribed by Dixon.* The protein content of 
neurons normally equals that é6f the inter- 
cellular matter (neuropil), and this results 
in a poor outlining of the cell body. Hyper- 
chromic neurons, however, appear darker 
and chromophobic neurons lighter than the 
surrounding tissue. 
are easy to recognize. 


Such relative changes 


Importance was attributed to the histo- 
chemical demonstration of succinic dehydro- 
genase. This enzyme forms a basic link in 
the oxidative Krebs cycle and may be con- 
sidered as an approximate index of the 
oxidative activity of the tissue. No sub- 
stantial changes were found in enzyme dis- 
tribution in the intoxicated animals when 
compared with controls. A variability of 
enzyme activity was seen among individual, 
larger nerve cells of many nuclei. Such a 
variation is also found in normal animals, 
but it appeared more pronounced in the 
experimental material. The activity of suc- 
cinic dehydrogenase in nerve cells was 
found roughly proportional to their chro- 


Friede 


matin content, thus reflecting the variability 
of the chromatin content. Hyperchromic 
neurons exhibited strong enzyme activity, 
whereas neurons with reduced chromatin 
content showed weak enzyme activity. Such 
correlation has been proven by taking photo- 
micrographs of the section, removing the 
formazan stain of the tetrazolium reaction 
with alcohol ether, and restaining the 
decolorized sections with chromalum-gal- 
locyanin. This technique allows the demon- 
stration of both enzyme activity and 
chromatin content in the same cell. The 
results of a larger application of this partic- 
ular technique will be described in detail 
in another article. 

The absence of major changes of enzyme 
distribution in the experimental material 
may agree with the sparse cytological 
changes. An impairment of the oxidative 
metabolism of the nerve cells, as by a 
marked decrease of succinic dehydrogenase 
activity, would more likely be accompanied 
by greater changes than those described 
above. 

Findings in Other Organs.—Random 
samples were taken from liver, kidney, 
heart, lung, and spleen. In most of these, 
no significant changes were found. Liver 
tissue was depleted of glycogen, but this 
may be explained by the reduced food 
intake. In the spleen, a heavy deposition of 


blood pigments, partly incorporated by 
macrophages, was found in the outer 
sinuses. 

Comment 


The nuclei of nerve cells were enlarged 
in HEF-3 intoxication in many areas of 
the brain but without specific predilection. 
Nuclear enlargement was established by 
measurements in the fascia dentata and the 
cornu ammonis. In these regions nuclear 
measurements can be performed without 
unreasonable effort because of the uniform 
size and shape of the nerve cell. 

Changes of the nuclear size associated 
with narcosis were described by Krantz ®; 
the nuclei of motor neurons of rana were 
found enlarged during the preexcitatory 
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and postexcitatory state, but their diameters 
were decreased during narcosis. Windle 
and Cammermeyer™ recently reported 
nuclear enlargement as the only finding in 
chronically reserpinized monkeys. Nuclear 
enlargement was also reported following 
insulin intoxication (Kobler*) and anoxia 
(Pichotka '*). Enlargement of the nucleus 
may occur as a first reaction to axon inter- 
ruption (Barr!), but an enlargement could 
not be established after short or protracted 
motor activity (Edstroem*). Nuclear en- 
largement, therefore, indicates a nonspecific 
reaction, probably a state of hyperactivity. 


The absence of irreversible damage in the 
present material agrees with the scarcity of 
histochemical changes. It seems unlikely 
that the succinic dehydrogenase system 
could be impaired for several weeks without 
resulting in greater changes than those de- 
scribed above. The absence of a substantial 
deposition of glycogen or fat and the un- 
changed activity of succinic dehydrogenase 
suggests that there are no major alterations 
in the basic carbohydrate metabolism. 


Summary 


Neuropathological and histochemical in- 
vestigations were performed on rats re- 
ceiving repeated skin applications of a 
decaborane type high-energy fuel, HEF-3. 
The dosage was varied to maintain a severe, 
sublethal intoxication for two or four weeks. 
Three stages of the intoxication were dis- 
cerned: a stage of hyperexcitation and ag- 
gressive behavior, a stage of depression, 
and a comatose stage. 
examination of the skin 
showed necrosis of the upper portions of 
the corium at the site of application. The 
nuclei of nerve cells were enlarged in 
various parts of the central nervous system, 
and the distribution of chromatin in them 
was slightly disarranged. The quality of 
the cell changes was not indicative of a 
permanent damage. Sparse deposition of 
fat was noted in the gray matter. No ab- 
normal deposition of glycogen was found. 
The distribution of proteins and of succinic 
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dehydrogenase revealed only minimal altera- 
tions. 


2350 Parkwood, Ann Arbor, Mich. 
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The Biological Actions of Vanadium 


III. The Effect of Vanadium on the Excretion of 5-Hydroxyindolacetic Acid 
and Amino Acids and the Electrocardiogram of the Dog 


CHARLES E. LEWIS, M.D., Sc.D., Cincinnati 


It has been established fairly well that 
vanadium is an essential trace element for 
certain plants,’ fungi,? and invertebrate 
organisms. The occurrence of vanadium in 
the blood cells of molluscs,’ ascidians,* and 
holothurians*® has been a source of con- 
tinued interest to biochemists. 
dium present in “vanadiocytes” has been 
shown ® to be present in the 3+ valence 
form and attached to a sulfate radical. 

Daniel and Hewston? and subsequent in- 
vestigators ® utilizing refined spectrograph- 
ic techniques have failed to find vanadium 
present in “normal” human tissues. On the 
basis of available evidence, vanadium can 
be classified among the inorganic trace 
elements which are not essential to the life 
processes of man. 

Although vanadium is not essential for 
human metabolic it has been 
shown to have a variety of effects on certain 
cellular biochemical functions. Some of 
these have been reviewed elsewhere.* While 
investigating the effects of trace quantities 
of cations on the activity of monoamine 
oxidase in vitro, Perry’® found that the 
addition of vanadium in 10~* molar concen- 
tration increased the activity of his enzyme 
system significantly. These observations 
were made on a system utilizing tyramine 
as substrate and liver homogenate as a 
source of enzyme. These experiments lead 
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processes, 
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Schroeder to suggest that vanadium might 
be a cofactor for monoamine oxidase. To 
the present time, no information is available 
to substantiate this suggestion. The possible 
cofactors and dynamics of monoamine 
oxidase systems are still not fully known. 

If vanadium were a cofactor for monoa- 
mine oxidase, one would expect that there 
would be a relationship between the enzyme 
activity and increasing concentrations of 
cofactor (V) as in Figure 1. This is the 
observed effect of varying cofactor con- 
centrations in other enzyme systems. It 
may be interpreted as indicating concentra- 
tions at which optimum enzyme activity 
occurs. In some cases decreasing enzymatic 
activity is observed at greater or lesser 
concentrations than the optimum. 

It has been well established !! that one 
of the major functions of monoamine 
oxidase is the conversion of serotonin, or 
5-hydroxytryptamine (5-HTA), to 5-hy- 
droxyindolacetic acid (5-HIAA). Agents af- 
fecting monoamine oxidase in vivo could 
make their effects known by altering blood 
and tissue serotonin levels. Serotonin 
(5-HTA) normally exists in the tissues in a 
bound, inactive form. On liberation, free 
5-HTA is rapidly converted 1? by monoa- 
mine oxidase to 5-HIAA. An acceleration 
or inhibition of this conversion could pro- 
duce changes in 5-HTA levels. This latter 
statement would be valid only if the monoa- 
mine oxidase system accounts for the 
majority of metabolism of 5-HTA. While 
alternate pathways have recently been 
identified,’* it is probable that most 5-HTA 
is metabolized by monoamine oxidase. 

Increases in circulating serotonin levels 
have been identified with the symptoms 


19/455 


a 
: 
3 
| 
; 
| 
+] 
4 
q 


A. M. A. ARCHIVES OF INDUSTRIAL HEALTH 


Fig. 1.—Effect of 
changes in cofactor con- 
centration on enzyme ef- 
ficiency. 


% Efficiency Enzyme system 


seen in malignant carcinoid syndrome." 
Intermittent episodes of bronchospasm, hy- 
perperistalsis, diarrhea, and flushing are 
characteristic of the syndrome. One of the 
underlying physiological effects of 5-HTA 
is the production of smooth muscle contrac- 
tion. Infusion of large amounts of 5-HTA 
into man has produced these symptoms *° 
(at least to some degree). 

It is of some interest that many of the 
symptoms seen in acute vanadium intoxica- 
tion are similar to those associated with 
malignant carcinoid syndrome. Broncho- 
spasm and hyperperistalsis after severe ex- 
posure to vanadium may persist for three 
to seven days.'® While this could be due 
to the continued presence of particulate 
vanadium in the respiratory tract, animal 
studies have indicated that rapid absorption 
of respired vanadium dust occurs.’* Most 
particles of vanadium pentoxide (V2O;) 
less than 5y in diameter are cleared from 
rabbit lungs in less than 24 hours. The 
vanadium absorbed in a short inhalation 
exposure is excreted in the urine over a 
7 to 10 day period. These two facts lend 
some support to the possibility that vana- 
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dium might influence 5-HTA metabolism 
through a postulated effect on monoamine 
oxidase. To evaluate this possibility, a 
series of experiments were performed in 
which vanadium was injected into dogs and 
its effect on 5-HTA metabolism estimated 
by the measurement of urinary excretion of 
5-hydroxyindolacetic acid (5-HIAA) before 
and after vanadium injection. 

During the course of these experiments, 
the effect of vanadium administration on 
the pattern of amino acid excretion in dogs 
and upon the electrocardiogram of the dog 
was also studied. 


Description of Methods 


Most of the observations in this report are con- 
cerned with the measurement of basal levels of 
5-HIAA excretion in urine before and after an 
injection of vanadium. A smaller series of ob- 
servations was made on animals receiving an injec- 
tion of 5-HTA prior to the injection of vanadium. 

Adult male beagles weighing approximately 10 
kg. were used. They received the usual laboratory 
rations. Dogs were anesthetized with intraperi- 
toneal sodium pentobarbital (Nembutal) and 
placed in a prone position on a dog table and 
catheterized. Urine samples were collected and the 
volume measured; aliquots were taken and frozen 
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immediately. These were subsequently analyzed 
for their content of 5-HIAA by the method of 
Udenfriend et al.* Sodium metavanadate (NaVOs) 
was used as a source of vanadium in all experi- 
ments. A 2% solution of the vanadium salt in 
distilled water was administered intravenously. 
To secure adequate aliquots of urine, it was nec- 
essary to maintain a constant intravenous infusion 
of sterile isotonic saline intravenously into the 
animal. 

Urine analyses were done with use of heat and 
acetic acid for albumin determination, Clinastix 
for sugar, and a spot test and foam coloration 
test for bilirubin. 

Electrocardiograms were recorded with a San- 
born direct-writing instrument during the course 
of the experiments. Standard electrodes were at- 
tached to four limbs in positions similar to those 
used in man. Chest leads were taken at the left 
sternal border in the fourth intercostal space (V-2) 
and in the left posterior axillary line (V-6). One- 
dimensional chromatograms for urine amino acids 
were done utilizing ethyl alcohol and saturated 
aqueous solution of phenol as developers. A series 
of 18 known amino acids were used as standards. 


Results 


The Effect of Intravenous Sodium Meta- 
vanadate on Basal Urinary Excretion of 
5-HIAA.—A series of 12 experiments was 
performed upon three dogs. Two control 
urine samples were obtained prior to the 
injection of vanadium. 

The intravenous injection of 50 mg. of 
sodium metavanadate given in 60 seconds 
produced immediate apnea. Artificial res- 
piration was necessary for two to four 
minutes. All dogs receiving injections of 


TABLE 1—Evxcretion of 5-HIAA in Control 


Periods 
Urine Volume, pe. 5-HIAA/ 
Dog M1/100 Min. Kg/100 Min. 
1 14.6 1.85 
29.1 3.33 
55.7 6.80 
19.4 3.43 
15.7 3.08 
15.0 3.27 
15.0 3.40 
15.0 3.12 
8.5 0.96 
18.8 3.84 
4 14.3 2.95 
6.4 2.21 
32 4.61 
Lewis 


Taste 2—Excretion of 5-HIAA After 
Intravenous Injection of Vanadium 


Urine Volume, sg. 5-HIAA/ Dosage, 
Dog Min. Kg/100 Min. Me/Kg. 
1 15.8 1.23 5 
32.8 1.35 5 
22.5 1.60 5 
2.4 0.48 3.75 
3 1.2 0.62 3.75 
6.2 2.43 3.75 
14.2 1.83 3.75 
33.3 3.34 3.7 
4.3 1.57 2.5 
4 42.2 5.8 5 
2.7 0.15 5 
15.0 0.85 5 
78.8 5.13 5 


2.5 to 5.0 mg. of NaVOs per kilogram 
were noted to have brief periods of apnea, 
followed by slow deep respirations. Marked 
pallor followed the injection of vanadium 
and persisted for one to two hours. 
Peristaltic sounds increased markedly, and 
defecation was noted in every experiment. 
In some instances, after the injection of 
3.75 mg. per kilogram of the drug, the 
expulsion of a normal stool was followed 
by mucoid bloody diarrhea. 

Urine samples were obtained after intra- 
venous administration of NaVOgx, for a 
period of five to six hours. Results of 
these experiments are summarized in Tables 
1 and 2. When the volume of each sample 
is plotted against the observed concentration 
of 5-HIAA for both control and vanadium- 
treated groups, there is a strong suggestion 
of relationship between volume and con- 
centration. Figures 2 and 3 demonstrate 
this relationship. Table 3 summarizes the 
regression analysis which confirm this sug- 
gested possibility. In both groups 5-HIAA 
excretion is directly related to urine volume 
of the sample. 

When the two regression equations are 
compared statistically, it is found that there 
is a significant difference between the two 
sets of data (before and after vanadium) 
and that this difference is probably a func- 
tion of both slope and intercept of the 
regression equations. Stating this in a much 
oversimplified fashion, the intercept of each 
linear equation might represent the blood 
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Fig. 2.—Relationship of 
urine volume to output of 
5-HIAA in control dog. 


UG. 5 HIAA/ kg/ 100 min 


| 
10 30 50 
ml urine / minutes 
Control dogs 


UG. 5 HIAA/kg/ 100 min 
Vanadium treated dogs 


10 30 50 70 


ml urine 7/100 min 
Fig. 3.—Relationship of urine volume to output of 5-HIAA in dogs treated with vanadium. 
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TABLE 3.—Regression of Urine Concentration of 
5-HIAA on Urine Volume 


Control Dogs Vanadium-Treated Dogs 


Regression Equations 


Vo=1.61+0.094 Y¥v=0.68+0.065 zy 
where ¥e,v=urine concentration of 5-HIAA 
Ze,v=urine volume 
Analysis of Variance 

88. df. M.S 8.8 df. M.S 
17.42 1 17.42 Linear regression 24.11 1 24.11 
12.72 ll 1.16 Residual 12.45 Il 1.13 

F= 15.02 F= 21.34 

P=<0.01 P=<0.005 


level of 5-HIAA. The regression coefficient 
could be an expression of renal tubular 
handling or transport of 5-HIAA. While 
there is a significant difference in the 
regression lines relating 5-HIAA concen- 
tration to urine volume before and after 
vanadium, there is little reason (statistically) 
to perfer either the slope or the intercept 
as the feature which makes the significant 
difference between the two equations. This 
difference most probably is due to the com- 
bined effects of both slope and intercept, 
or, if it may again be simplified, the altera- 
tions of both blood concentration and renal 
handling of 5-HIAA, 

In another approach to compare the ef- 
fects of vanadium, the outputs of 5-HTA 
metabolite before and after vanadium injec- 
tion have been subjected to an analysis of 
covariance. In this way the urine concen- 
trations of 5-HIAA observed in each ex- 
periment have been corrected to a constant 
volume of urine (20 ml/100 minutes). 
This again shows a significant difference 
(P<0.05) between the value of 5-HIAA 
excretion before and after vanadium. 

The Effect of NaVOs Injection upon 
5-HIAA Excretion, After Administration 
of 5-HTA.—In this series of experiments, 
two dogs received doses of either 100uM 
of 5-HTA in 20 ml. of distilled water 


intravenously over three minutes or one- 
half that dose, 50uM of 5-HTA, under 
similar circumstances, in the same volume 
of water. 


The injection of 5-HTA was 
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followed immediately by tachycardia and 
heaving respirations which persisted for 
approximately 30 minutes. One animal pre- 
treated with 3.7 mg. of NaVQOs3 per 
kilogram experienced the onset of clonic 
toxic convulsions at the conclusion of an 
injection of 100uM of 5-HTA. These con- 
vulsions were controlled by the injection 
of 2 ml. of intravenous pentobarbital. A 
brief series of observations were made 
concerning the effect of vanadium on the 
metabolism of 5-HTA injected one to two 
hours after vanadium administration. Con- 
trol observations were made and compared 
to findings after the administration of vana- 
dium before the single acute injection of 
5-HTA. Tables 4 and 5 present a detailed 
report of the results of these experiments. 
When the results are expressed as per cent 
of 5-HTA infused which was converted 
to 5-HIAA in an equivalent period of time, 
the control rate of conversion in both ani- 
mals was approximately the same, i.e., 
13.7% and 12.7%. At the higher dosage 
of vanadium salt (3.75 mg. per kilogram), 
a decrease in conversion to 7.4% was ob- 
served. At a somewhat lower dosage of 
vanadium, 2.5 mg. per kilogram, the rate 
of conversion increased to 17.7%. 


TasLe 4.—Effects of Vanadium on 5-HIAA 
Excretion After Injection of 
5-HTA: I 


Duration, wg.5-HIAA/ Urine Volume, 


Period Min. Kg/100 Min. M1/100 Min. 
180 2.74 19.4 
Injection (I.V.) of 100uM (17,600ug.) of 5-hydroxy- 
tryptamine 
April 18 4 2 60 112 10 
3 60 100 23.4 
4 50 81 24 
\ 5 120 65.4 90 
i 70 5.35 15.7 
Injection (I.V.) 3.75 mg/kg. of NaVO; 
2 145 0.48 234 
April 19 { Injection (I.V.) of 1004M (17,600ug.) of 5&HTA 
3 115 30.8 7 
4 60 72.8 46.8 
5 100 52.3 140 
Total 5-HIAA 
Excreted in 270 Min. % “‘Conversion”’ 
Control 2,420 13.7 
Pretreat. vanadium 1,320 74 
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Taste 5.—Effect of Vanadium on 5-HIAA 
Excretion After Injection of 5-HTA: II 


Duration, ysg.5HIAA/ Urine Volume, 
Period Min. Kg/100 Min. M1/100 Min. 
1 135 0.96 8.5 
Injection (1.V.) 5-HTA (8,800ug.) 
2 70 42.8 3.6 
y's 3 75 43.1 6.67 
4 100 32.6 15 
5 150 43 23.3 
1 80 3.84 18.8 
Injection 2.5 mg. NaVO ;/Kg. (1.V.) 
2 150 1.57 43 
Injection (I.V.) 50uM 5-HTA 
par 3 130 67.2 20 
4 42 39.8 21.9 
5 83 33 31.4 
6 145 17.6 65.5 
Total 5-HIAA 
Excreted in 400 Min. % “Conversion” 
Control 1,038 12.7 
Pretreat. vanadium 1,570 17.7 


Results of Urine Analyses——Aliquots of 
urine samples from dogs receiving vana- 
dium were analyzed for their content of 
bile, albumin, sugar, and acetone. An early 
step in the course of analysis for 5-HIAA 
precipitates any keto acids present in the 
urine. In four of six dogs receiving vana- 
dium, a marked increase in the quantity of 
precipitate formed at this step in the proce- 
dure was noted. 

Despite the presence of keto acids in 
increased quantity, no acetone or acetone 
bodies were detected in the urine of dogs 
receiving vanadium. Table 6 presents the 
incidence of positive findings in the urine 
of dogs receiving vanadium. 

Amino Acid Chromatography.—Aliquots 
of urine samples obtained before and after 
injection of vanadium in the first series of 


TABLE 6.—Findings of Urine Analyses After 
Vanadium 


Keto 


Dog Bile Albumen pH Acids Acetone 


Sugar 


1 4 2+ 7 + 9 0 
2+ 7 0 0 
3 3+ 3+ 7 + 0 0 
4° 0 2+ - 0 0 0 
5 + + aan 0 0 0 
6 + + ~ + 0 0 
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experiments were frozen until one-dimen- 
sional chromatography could be done. There 
was no prior treatment of the urine samples. 
This produced some degree of streaking. 
The impression gained from these studies 
was that serine, valine, histidine, and sub- 
stances fluorescing in the ultraviolet (one 
subsequently identified as sodium) were 
constituents of normal dog urine. There is 
a lack of information in literature reviewed 
on the “normal” amino acid content of dog 
urine. 

Results obtained with use of the urine of 
vanadium-treated dogs were interpreted as 
indicating the presence of serine (found in 
normal urines), cystine (which may have 
been present in normal urine), valine (seen 
in normal urine), cystine, tyrosine, and 
alanine. The latter three amino acids were 
not found in normal dog urine. 

The Effect of Vanadium on Dog Electro- 
cardiograms.—Serial changes noted after 
injection of vanadium are demonstrated in 
Figures 4 and 5. Within five minutes after 
the injection of vanadium, there is an in- 
creased amplitude of the T-waves. This in- 
crease in amplitude reaches a maximum 
approximately 10-20 minutes after injection. 
Approximately one-half to two hours after 
injection, there is an alteration in the 
ST-segment. The vector associated with 
this change is usually directed toward the 
fore limbs and is productive of a pattern 
not unlike that seen in posterior myocardial 
infarcts in man. The T-wave vector may 
rotate clockwise as much as 100-120 degrees 
from its original position. 

These changes were observed in all dogs 
receiving vanadium. They persisted for 
6 to 10 hours. They disappeared within 
24 hours after injection. There were no 
sequelae evident in subsequent  electro- 
cardiograms. 


Comment 


The responses observed in dogs after 
injection of vanadium are very similar to 
those reported in dogs and several other 
species.1® The apnea is thought to be the 
result of an effect on the respiratory center 
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_ Fig. 5.—Ettect of vanadium on the electrocardiogram of the dog. A, 1 hour after 0.2 mEq. 
V* per kilogram; B, 48 hours after vanadium. 
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Fig. 6—A path dia- 
gram indicating possible | 
relationship between fac- 
tors influencing excretion [5 HTA] 

of 5-HIAA in urine. Blood 


of the central nervous system. Contraction 
of smooth muscle in the gut and respiratory 
system and a marked reduction in kidney 
volume have all been observed after vana- 
dium administration.”° 

A possible “path” diagram describing the 
effect of vanadium on 5-HIAA excretion 
is given in Figure 6. It can be seen that 
we have only measured an effect which 
can be due to the result of one or more 
causal actions of vanadium, one of these 
being a direct effect on monoamine oxidase. 
Although it would have been more critical 
to have measured blood levels of 5-HTA 
rather than the excretion of its major 
metabolite, it was not feasible to perform 
these analyses at the time the experiments 
were carried out. Photofluorometric tech- 
niques are available for the analysis of 
5-HTA in small quantities of blood.** 

There is reasonable evidence that vana- 
dium injection results in a decrease in 
urinary excretion of 5-HIAA for a period 
of at least four hours after injection. This 
effect is probably due to a combined effect 
on blood level and renal handling of the 
5-HTA metabolite. 

Lagnado *! has studied the effect of vari- 
ous metallic ions on a monoamine oxidase 
system. Several metal ions were found to 
increase the activity of amine oxidase. One 
of these was iron. Other metallic ions were 
found to have an inhibiting effect on the 
system. In some instances, metals which 
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[5 HIAA | 5 HIAA 


Function Infusion 


Urine output/ min 


Blood Excretion 
in Urine 


were activators at low concentration became 
inhibitors when present in much higher con- 
centrations. The study concludes that, while 
the effect observed might be due to a 
preferential inhibition of catalase at concen- 
trations of metal ions insufficient to affect 
the amine oxidase system, the need for 
metal ion cofactors in amine oxidase sys- 
tems cannot be ruled out. 

It would be exceedingly dangerous to 
speculate concerning the results of the sec- 
ond series of experiments. It can be said 
that these results are consistent with the 
possibility that a lower dosage of vanadium 
salt was closer to the optimum concentra- 
tion for cofactor (if vanadium were a co- 
factor for monoamine oxidase and if the 
measurement of 5-HIAA excretion is a 
reflection of monoamine oxidase activity). 

The finding of albuminuria is consistent 
with the suggested nephrotoxic effects of 
vanadium.** The bilirubinuria, which oc- 
curred only in the first one or two samples 
after the injection of vanadium, could be 
due to several factors. Early investigators 
reported bilirubinuria in dogs fed indole 
compounds.** This, however, occurred only 
after prolonged feeding and is probably not 
important in this case. A more recent 
paper *° has suggested that indole com- 
pounds interfere with utilization of vita- 
min By. and reported an increase in 
bilirubin excretion after administration of 
indoles. 
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A more probable explanation of the ob- 
servations made here is the injury of 
hepatocellular tissue (and renal tubular 
cells) with regurgitation of direct-acting 
bilirubin into the urine. There is evidence 
of renal tubular dysfunction in amino acid 
excretion patterns. That vanadium can 
produce hepatocellular damage has been de- 
scribed by numerous previous investiga- 
tors.1%?6 The death of one animal in the 
course of these experiments confirms this. 
After the injection of 4.0 mg. per kilogram, 
one dog developed oliguria and jaundice on 
the second day after vanadium administra- 
tion and died on the fourth day. The pri- 
mary pathological changes noted were 
massive hepatic necrosis and injury of renal 
tubules. 

Studies on the renal excretion of amino 
acids have indicated a marked variability 
in the quantity and variety of amino acids 
excreted by any one person.?? Clarkson 
and Kench *8 have described the appearance 
of certain types of abnormal amino aciduria 
occurring in men after exposure to and 
absorption of heavy metals. 

Doolan ** and others have shown that 
there are at least two patterns of amino 
aciduria which may occur. Certain amino 
acids are excreted in the presence of an 
overload of any amino acid. These amino 
acids—glycine, serine, threonine—are sus- 
ceptible to competitive tubular loss. Histi- 
dine, glycine, threonine and serine are 
normally excreted in the greatest amounts 
in urine. They are also the first amino acids 
to be lost in excess in the face of any in- 
crease in plasma amino acid concentration. 

Histidine and glycine absorption in the 
renal tubules decrease markedly with pro- 
longed increased concentration of these 
amino acids in glomerular filtrate. This 
suggests fatigue of tubular reabsorption 
mechanisms for these amino acids. Cystine 
clearances have also been observed to 
undergo a marked change with an increase 
in tubular loading of any other amino acids. 

Valine, tryptophan, proline, methionine, 
lysine, argenine, and alanine have been 
shown to have high transfer maximum 
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values. Their excretion in urine suggests 
a specific injury to the tubular mechanisms 
governing amino acid reabsorption. 

The preceding information pertains to 
amino acid transport and metabolism by the 
kidney in man. No such information is 
available in the dog. Amino acids appearing 
in the urine of dogs treated with vanadium 
can be classified as those seen in normal 
(human) urine or those following a non- 
specific tubular overload of amino acid, 
with one exception. Alanine, which ap- 
peared on two occasions in urine chromato- — 
grams, is excreted in excess in man only 
in those instances where specific injury to 
renal tubules has occurred. While the evi- 
dence presented here is limited, it is suf- 
ficient to suggest that vanadium in the 
concentrations utilized in these experiments 
(3.7 to 5.00 mg. of NaVOs per kilogram) 
produces an increase in the excretion of 
certain amino acids, indicating a tubular 
dysfunction in amino acid transport. 

The excretion of increased quantities of 
keto acids after vanadium administration is 
of interest in view of the possible conse- 
quences of interference with acetate utiliza- 
tion by vanadium in cholesterol synthesis. 

The use of electrocardiograms in toxi- 
cological investigations has received some 
attention in Europe. Electrocardiographic 
recording in toxicology might produce in- 
formation as to the nature of the effects of 
a drug upon the conductive or repolarization 
mechanism of the cardiac cells. Through 
the recording of serial electrocardiograms 
at certain intervals, information on the 
sequence of effects could be observed. This 
sequence is a function of the rates of 
absorption and distribution, the form of 
transport (bound or ionic) while the drug 
is en route to the cardiac cells. The serial 
changes observed as a result of cardiac and 
other cellular disturbances might provide 
information on the step-wise fashion in 
which alterations in biochemical functions 
are produced by toxic agents. 

In order to permit the analysis of sequen- 
tial changes after administration of a 
pharmacological agent, the base-line or 
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original electrocardiogram of the animal 
used must be relatively stable. A marked 
degree of variability between and within 
animals would make it difficult to evaluate 
any observed changes. Several authors **? 
have reported upon the variability of dog 
electrocardiograms. It would seem that the 
variability observed is related to two or 
three factors. The absence of a functional 
mediastinum renders the dog heart anatomi- 
cally more labile and subject to movement 


‘in a lateral direction when the dog is placed 


on either side. The motion of the diaphragm 
in contact with the heart can also produce 
changes in vectors. Diaphragm contact 
varies between breeds and can be eliminated 
or minimized in the supine position. The 
effect of vagal tone on repolarization is 
such that marked slowing of the heart pro- 
duces rotation of the mean T-vector in the 
dog as much as 150 degrees. A study ® 
published recently utilizing beagles and 
techniques similar to those used in this work 
reported almost the same findings observed 
here. In the control series of 42 electro- 
cardiograms from normal beagle dogs, it is 
felt, therefore, that when due precautions 
are taken with regard to positioning and 
the heart rate is considered the relative 
stability of electrocardiograms is sufficient 
to permit interpretation of changes occur- 
ring in serial tracings. 

The changes in T-waves which are seen 
after vanadium administration are similar 
to those seen in both animals and man with 
increased serum concentration of potassium. 
This is usually thought to indicate an 
abnormal ratio of cations across the myo- 
cardial-cell membrane. It could be postulated 
that the effect of vanadium is due to the 
attachment of V ions to myocardial-cell 
membranes, with resultant decreased trans- 
fer of potassium into the cell. The depres- 
sion of ST-segments indicates the early 
onset of repolarization. The deviation of 
the ST-segment from an isoelectric position 
is due to the flow of electrical current 
during a period in which this usually does 
not occur. This could be considered on the 
unicellular level as meaning a shortening of 


Lewis 


the normal plateau or a disturbance of the 
manner in which sodium and potassium 
fluxes vary inversely with respect to each 
other. 


Summary 


There is reasonable evidence that vana- 
dium injection results in a decrease in 
urinary excretion of 5-hydroxyindolacetic 
acid (5-HIAA) for a period of at least 
four hours after injection. This effect is 
probably due to a combined effect on blood 
level and renal handling of the 5-hydrox- 
ytryptamine (5-HTA) metabolite. There 
is much less evidence to suggest high doses 
of vanadium (5 mg. per kilogram intra- 
venously) will produce a decrease in the 
conversion of injected 5-HTA to 5-HIAA. 
There is equal lack of evidence to support 
the conclusion that a lesser dose (2-3 mg. 
of NaVOs per kilogram intravenously) will 
produce an increase conversion of 5-HTA 
to 5-HIAA. 

The injection of vanadium produced an 
immediate but transient bilirubinuria and 
albuminuria. There was an increased ex- 
cretion of keto acids but no evidence of 
acetone or sugar excretion in the urine. 
There is a suggestion that vanadium pro- 
duces alteration in the tubular transport of 
amino acids, with the resultant excretion 
of certain amino acids not normally present 
in dog urine. 

Vanadium has been observed to have 
marked and reproducible effects on the dog 
electrocardiogram. The dog electrocardio- 
grams obtained in this study would seem to 
be of sufficient stability to permit analysis 
of serial changes. 


The cooperation and support of the Vanadium 
Corporation of America made this study possible. 


Texas Eastman Company, Longview, Texas. 
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Retention of Various Mercury Compounds After 
Subacute Administration 


A. SWENSSON, M.D.; K-D. LUNDGREN, M.D., and O. LINDSTROM, Lic. Techn., Stockholm, Sweden 


Literature on the accumulation in the 
animal body and excretion of mercury after 
exposure to alkyl mercury compounds is 
very scanty and the results are in some 
points contradictory. High amounts of 
mercury have been demonstrated in various 
parts of the brain after fatal poisoning by 
alkyl mercury compounds.’* In contrast, 
only traces of mercury are to be found in 
the brain substance after poisoning with 
metallic mercury.* In animal experiments 
relatively high mercury content has been 
demonstrated in the brain after intravenous 
administration of comparatively high doses 
of an alkyl mercury compound.’ In later 
experiments, where isotope technique was 
used and thus very minute amounts of this 
element could be determined, no differences 
could be shown in the mercury content of 
the brain after single administration intra- 
venously of about 1% of LDs59 of mercuric 
nitrate, phenyl mercuric acetate, and methy! 
mercuric hydroxide.® Similar results have 
been obtained? in studies on phenyl mer- 
curic acetate and mercuric chloride. 

Swensson, Lundgren, and Lindstrém ® 
could, however, demonstrate that the excre- 
tion of mercury in the urine during the first 
four hours after intravenous injection of 
different compounds was much less for 
methyl mercuric hydroxide than for phenyl 
mercuric acetate and mercuric nitrate. Thus 
it is to be expected that there will be more 
mercury accumulated in the animal body 
after repeated exposure to alkyl mercuric 
compounds than after repeated exposure 
to aryl or morganic compounds. 
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Material and Methods 


Mercury Compounds.—The compounds were la- 
beled with the isotope Hg™ as described earlier.® 
The animal experiments were run over a period 
of time, and two different batches of radioactive 
substances were prepared. Properties of the stock 
solutions are given in Table 1. 

Measurement of Radioactivity—y-Counting 
with scintillation technique was substituted for 
the previous f-activity determination which re- 
quired a complicated and tedious chemical sepa- 
ration of the tracer. Homogenized organ samples 
were counted in a well type crystal (Harshaw 
Chemical Co.) with a 2 in, diameter and 2 in. 
height. The well was 3% in. in diameter and 134 
in. deep. The samples were contained in closed 
polyethylene tubes, which, wrapped in Pliofilm for 
additional protection of the detector, fitted pre- 
cisely in the well of the crystal. 

The electronic equipment comprised (1) separate 
high voltage generator; (2) linear amplifier Model 
218 from Atomic Instruments, which was set at 
the pulse height 10 volts; (3) Multiscaler Model 
1070 from Atomic Instruments and (during the sec- 
ond experiment) two Automatic Scalers N 530 B 
from Ekco Electronics Ltd., which were used in 
parallel for immediate detection of malfunction. 

Great care was taken to eliminate contamina- 
tion of the samples. The organ samples were 
homogenized in the glass bottle as received from 
autopsy by means of glass rods which were dis- 
carded after use. Two grams of the sample were 
weighed into the polyethylene tube which was 


TABLE 1.—Properties of the Stock Solutions 


Specific 
Counting 
Concen- Rate (At the 
tration, Start), 


Series ug. Hg/M1l. Cpm/yg. Hg 


Compound 

Cyano (methyl mercuri-) 

guanidine 1,100 
Mercuric chloride 976 
Phenyl mercuric acetate 1,050 
Methy! mercuric hydroxide 1,000 
Mercurie nitrate 1,080 
Phenyl! mercuric acetate 980 


“4 
§ 
i 
- 
rh 
5 
4,550 
4,210 
5,210 
| 780 
1,360 
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TABLE 2.—Influence of Sample Volume on the 
Specific Counting Rate 


A, M. A. ARCHIVES OF INDUSTRIAL HEALTH 


He Specific 
Stock Content of Observed Counting 
Solution, Sample, Sample Activity, Rate, 

Mg. ve.Hg  Vol., Mi. Cpm Cpm/ yg. Hg 
0.07 18,123 2,433 
67.75 7.45 1.0 17,790 2,388 
2.0 17,427 2,339 
0.07 18,353 2,424 
68.86 7.57 1.0 17,980 2,375 
2.0 17,603 2,325 

0.07 _- 2,429 (100%) 

Av. Rates 1.0 - 2,382 ( 98%) 

2.0 _ 2,332 ( 96%) 


closed and wrapped in Pliofilm. (The polyethylene 
tubes were not reused.) 

The counting was done with near 47 geometry, 
and variations of the packing of the organ sam- 
ple had no influence on the determination. This 
was confirmed by measurements with radioactive 
seed kernels arranged at random in the sample 
tube. The variation between replicates was the 
same as the counting error or ~1%. 


A further check of the equipment was made in 
a series of measurements on liquid samples with 
varying total volume containing a known amount 
of Hg™. Table 2 shows that there is but a small 
decrease in the specific counting rate when the 
activity is contained in a larger sample. In the 
present experiments the sample size was constant, 
about 2 gm., with activities corrected by means 
of the exact weight figure, and furthermore the 
small variation in the chemical composition of the 
different samples can be neglected with respect to 
y-absorption. It is then concluded that the specific 
counting rate, cpm per microgram of mercury, 
is very constant from sample to sample. 

The resolving time of the scalers was 5ysec., 
and the dead-time correction was negligibly small 
for all samples studied. 

Reference samples were prepared for each run 
by weighing a few drops of the stock solutions 


TABLE 3.—Mercury Content in the Blood * 


into the polyethylene tubes, which samples were 
diluted with distilled water to 2.00 gm. The re- 
producibility was excellent, and constant specific 
counting rates, corrected for radioactive decay, 
were obtained on different occasions, e.g., 2,670 
cpm per microgram of mercury at the start of 
one experiment, 2,700 four weeks later, and 2,740 
six weeks after the start. The stability of the 
stock solutions was checked by analysis after 
completion of the experiments. Only in the case 
of phenyl mercuric acetate a noticeable drop was 
observed—in one case from 1,050ug. Hg per milli- 
liter to 976ug. Hg per milliliter. 

The sample activities were in general suffi- 
ciently high to make the counting error negligible, 
<1%, at reasonable counting times, less than 20 
minutes. In some low-activity samples, however, 
the counting error was important as shown by the 
95% confidence limits reported in these cases. 

Duplicates were included to get an estimate of 
the over-all reproducibility of the method. Some 
of the duplicates were made on different occasions. 
The coefficient of variation for 12 duplicates was 
8%+5% (95% confidence limits). This is satis- 
factorily low but higher than the variation which 
may be attributed to the radioactive method of 
analysis used. Incomplete homogenization of the 
organ samples is the most probable cause of the 
sampling error thus indicated. 

The single homogenization procedure is, how- 
ever, preferred in spite of this error instead of 
more efficient procedures involving special equip- 
ment which will always serve as a source of pos- 
sible contamination. 

Animal Experiment—The experiments were 
performed on rats. Three groups with five ani- 
mals in each were used for each compound. Dur- 
ing the experiment the animals got a standard food 
and had free access to water containing the mer- 
cury compound at a concentration corresponding 
to 2 mg. Hg per liter. It had been shown earlier 
that at least five times as much of the mercury 
compounds could be added to the drinking water 
without any decrease of the water consumption of 
the animals. After one week one group of animals 
was killed, further groups after two and three 


Experiment I 


Cyano (Methyl 
Mercuri-) 
Guanidine 


Time, 
Wk. 


Phenyl! Mercuric 


Mercurie Chloride Acetate 


1 


2 ting 
3 0.031.0.003 0.18 18.6 


Experiment II 


Phenyl Mercuric 
Acetate 


Methyl Mercurie 


Mercurie Nitrate Hydroxide 


0.014+0.015 0.21 4.2 
0.011+0.013 0.75 43 
0.010+0.014 0.66 9.0 
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* Micrograms of mercury per gram of wet-weight tissue after administration of mereury compounds in the drinking water (2 mg. 
Hg per liter) of rats for different periods of time; 95% confidence limits are reported for low-activity samples. 
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TaBLe 4—Mercury Content of the Brain* 


Experiment 1 


Time, Phenyl Mercuric 


Mercuri-) 
4 Wk. Mercurie Chloride Acetate 


Guanidine 


1 0.002-0.002 0.023 0.45 
4 2 0.007-+0.003 0.035 1.2 
3 0.006-+0.003 0.015-0.003 1.6 


Cyano (Methyl ————— 


Experiment IT 


Phenyl Mercurie Methyl Mercuric 


Mercurie Nitrate Acetate Hydroxide 


0.000+0.030 0.022+.0.009 0.230.03 
0.016+0.013 0.064 0.28+0.05 
0.039+0.054 0.0600.014 0.50 


weeks. The chest of the animal was opened in 
ether narcosis, and the animal was bled through 
an incision in the heart. The blood was gathered, 
and a small amount of heparin was added. Brain, 
liver, and kidney were taken for determination of 
mercury. The organ samples from all animals in 
one group were pooled for mercury analysis. 

No attempt was made to perfuse the organs to 
get rid of the blood in them. 

Experiments I and II were performed at dif- 
ferent timés. 


Results 


The mercury content of the blood (Table 
3) was very low in animals exposed to the 
inorganic mercury compounds. In some 
determinations the statistical error was of 
the same magnitude as the analytical result, 
and no significant values could be obtained. 
The content in those cases must be very 
low. Determination of the mercury content 
iy of whole blood and of plasma showed that 
nearly all the mercury was bound in the 
plasma. 

Animals exposed to the organic com- 
pounds had a much higher mercury content 
in their blood, and much more appeared to 
be retained from the alkyl compounds than 


TABLE 5.—Mercury Content in the Liver * 


* Micrograms of mercury per gram of wet-weight tissue after administration of mercury compounds in the drinking water (2 mg. 
Hg per liter) of rats for different periods of time; 95% confidence limits are reported for low-activity samples. 


from the phenyl compound. For both it 
was shown that the main part of the mer- 
cury was bound to the red blood corpuscles 
and only a very small amount appeared in 
the plasma. 

The mercury content of the brain (Table 
4) was very low in animals exposed to the 
inorganic mercury compounds. In fact, no 
mercury at all could be demonstrated after 
one week of exposure to mercuric chloride 
and very little after two and three weeks. 
Animals which had received the phenyl 
compound revealed a somewhat higher mer- 
cury content in the brain and animals 
exposed to the methyl compounds, much 
higher values. 

There are some irregularities in the re- 
sults. For instance, the mercury content 
of the brain in animals exposed to the 
phenyl compounds in Experiment I is 
lower after three weeks than after one and 
two weeks. This, of course, is not to be 
expected. We cannot explain this result 
but only suggest that there may be a lot 
of variation both within groups and be- 
tween groups of animals in experiments of 


Experiment I 


Time, Phenyl Mercuric 


Mercuri-) 
Wk. Mercurie Chloride Acetate 


Guanidine 


1 0.086 0.68 2.8 
2 0.068 0.78 5.4 
3 0.083 0.31 7.0 


Cyano (Methyl 


Experiment II 


Phenyl Mercurie Methyl Mercuric 


Mercurie Nitrate Acetate Hydroxide 


0.11+0.02 0.39 2.1 
0.20+0.02 0.80 1.3 
0.05+0.02 0.46 2.3 


Swensson et all. 


* Micrograms of mercury per gram of wet-weight tissue after administration of mercury compounds in the drinking water (2 mg. 
Hg per liter) of rats for different periods of time; 95% confidence limits are reported for low-activity samples. 
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TABLE 6.—Mercury Content of the Kidneys * 


Experiment I 


Cyano (Methyl 
Mercuri-) 
Guanidine 


Time, Phenyl Mercuric 
Wk. Mercurie Chloride Acetate 


1 1.7 21.6 79 
2 3.5 40.3 16.1 
3 4.1 14.6 18.1 


Experiment IT 


Phenyl] Mercuric Methyl Mercuric 
Acetate 


Mercurie Nitrate Hydroxide 


1.5 12.9 6.8 
4.6 16.2 29.2 
17 24.1 46.3 


this kind and that when the number of 
animals is small some irregularities must 
be expected. There also may be some en- 
vironmental factors influencing the results. 
For instance, slight changes in the tempera- 
ture may influence the consumption of 
water and the degree of exposure. Similar 
minor inconsistencies could be observed for 
other organs too. 

In the liver (Table 5) there is some 
accumulation of mercury after exposure to 
inorganic mercury compounds. This accu- 
mulation is, however, more pronounced 
after exposure to the organic compounds, 
and here again the alkyl compounds give 
higher values than the phenyl compounds. 

In the kidney (Table 6) there is a rather 
high content of mercury in all the groups. 
The highest values are given by the organic 
compounds. 


Comment 


In an earlier paper, Swensson, Lund- 
gren, and Lindstrom*® have demonstrated 
that alkyl mercury compounds after single 
administration intravenously are excreted 
in the urine at a much slower rate than 
phenyl compounds and inorganic com- 
pounds. Thus an accumulation of mercury 
is to be expected when alkyl mercury com- 
pounds are administered during a long 
period of time. This has been confirmed 
in the experiments reported in this paper. 
However, we have observed that there is 
much more mercury retained in the body 
after administration of the phenyl com- 
pound, too, in comparison to the inorganic 
compounds. This result was not expected. 
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* Micrograms of mercury per gram of wet-weight tissue after administration of mercury compounds in the drinking water (2 mg. 
Hg per liter) of rats for different periods of time; 95% confidence limits are reported for low-activity samples. 


In the acute experiments reported earlier, 
the excretion of mercury after administra- 
tion of the phenyl compound was even 
higher than after the inorganic compound. 
In the acute experiments the preparations 
were given intravenously and in the ex- 
periments reported here, by mouth. There 
may be some difference in resorption rate 
in the intestinal tract for the different 
compounds. Previous toxicity studies have 
also indicated such a difference. When 
administered parenterally the inorganic 
compounds are more toxic than the organic 
ones. When given in a single dose through 
a stomach tube, the organic compounds 
have about the same toxicity as given 
parenterally. The inorganic compounds, 
however, are less toxic when given by 
mouth.®*® This difference may be of im- 
portance when so dilute solutions are used 
as in this experiment. Accordingly, some- 
what higher blood content is to be expected 
for the phenyl mercury compounds than 
for the inorganic compounds on account of 
differences in resorption rate. Much higher 
values are to be expected for the alkyl 
compounds, which are resorbed as readily 
as the phenyl ones and then excreted at a 
much slower rate. 

The results obtained here indicate a real 
accumulation of mercury in the different 
organs. The figures obtained cannot be 
explained as a result of the mercury content 
of the blood in the organs. However, in the 
brain where the mercury content is rela- 
tively low as compared with the content of 
the blood, differences in the blood content 
of mercury will, of course, to a consider- 
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TABLE 7.—Ratio Between the Mercury Content of 
Blood and Brain in Experiments with 
Different Organic Mercury Compounds 


Time of Exposure, Wk. 


Compound 1 2 3 
Experiment I 
Phenyl mercuric acetate 9 
Cyano (methyl mercuri-) guanidine 12 
Experiment IT 
Phenyl! mercuric acetate 10 12 ll 
Methyl mercuric hydroxide 19 15 18 


able degree influence the amount found in 
the brain. 

If we assume that the blood content of 
the brain is 2% (the blood content of the 
capillaries of the brain ™), a figure that is 
definitely too low, at least 19%-24% of 
the mercury content of the brain in the 
experiments with the phenyl compound 
must be attributed to the blood in the brain 
sample. For the methyl mercury com- 
pounds this minimum figure is 23%-37%. 

The ratio between the mercury content 
of the blood and of the brain is higher for 
methyl compounds than for the phenyl 
compound, as may be seen from Table 7. 
The ratio for each substance is fairly con- 
stant and independent of the total amounts 
of mercury found. This indicates a simple 
distribution equilibrium rather than a spe- 
cific affinity of the nervous system to the 
organic mercury compounds. 

The same ratio for the inorganic com- 
pounds studied has been omitted in the 
Table because the specific activities of the 
organ samples were so low that the deter- 
minations of the mercury are uncertain. 
Calculations indicate, however, a lower 
ratio. It thus would seem that the phenyl 
and methyl compounds behave in the same 
manner in relation to the nervous system. 


Summary 


Groups of rats were given different mer- 
cury compounds in the drinking water in 
amounts corresponding to 2 mg. per liter of 
water for periods up to three weeks. The 
compounds studied were mercuric chloride, 


Swensson et al. 


mercuric nitrate, phenyl mercuric acetate, 
methyl mercuric hydroxide, and cyano 
(methyl mercuri) guanidine. 

The compounds were labeled with the 
isotope Hg*®*, and the determinations of 
the mercury content of different organs 
were made with scistillation technique. 

Both types of organic compounds gave 
much higher mercury concentrations in the 
blood than did the inorganic compounds. 


The inorganic compounds accumulated in 
the plasma of the blood; the organic com- 
pounds were bound mainly to the red blood 
corpuscles. 


The organic compounds gave much 
higher mercury concentrations in the organs 
studied, brain, liver, and kidney. 

The inorganic compounds gave a very 
low mercury content in the brain. The 
organic compounds gave higher mercury 
values in the brain. 


The ratio between the blood and brain 
mercury contents seems to be constant for 
each substance and indicates a distribution 
equilibrium. 

Mr. S. Bodin and Mr. E. Ljusberg worked in 


connection with preparation of the mercury com- 
pounds and of the organ samples for analysis. 


Department of Occupational Medicine, Karo- 
linska Sjukhuset. 
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The value of ethylenediaminetetra acetic 
acid (edathamil [EDTA]) in the clinical 
treatment of chronic lead poisoning in hu- 
mans is well established.’ Recently two com- 
pounds, diethylenetriaminepenta acetic acid 
(DTPA) and 2:2’-bis(dicarboxymethyl) 
amino diethyl ether (BAETA), which are 
structurally related to edathamil, have been 
shown to be more effective than edathamil 
in the removal of polyvalent radioelements 
from laboratory animals.2* It was of in- 
terest, therefore, to compare the action of 
these two agents with that of edathamil in 
the therapy of acute experimental lead 
poisoning. 

The experiments described here concern 
the protective action of edathamil and 
DTPA in acute lead poisoning; the toxicity 
of the lead chelates of edathamil, DTPA, 
and BAETA, and the influence of pH and 
serum proteins on the relative ability of 
DTPA and BAETA to promote alterations 
in the ultrafilterability of lead. 


Methods 


Lead nitrate, Pb(NOs)2 at pH=4.0 was in- 
jected intravenously at a dose of 70 mg. per kilo- 
gram as Pb (determined by previous experiments 
to be the LDw). Calcium edathamil and calcium 
DTPA were prepared by neutralization of the 
acids with NaOH, addition of an equimolar 
amount of CaCl, and readjustment of the pH to 
7.2. The drugs were given intravenously at 118 mg. 
per kilogram and 158 mg. per kilogram, respec- 
tively (equimolar amounts), one hour after the 
lead injection. Lead BAETA, lead DTPA and 
lead edathamil were prepared by neutralization of 


Received for publication May 18, 1959. 

Division of Biological and Medical Research, 
Argonne National Laboratory. 

This work was performed under the auspices 
of the United States Atomic Energy Commission. 


Action of Edathamil (EDTA) Analogs on 
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the acid forms of the chelating agents with NaOH, 
addition of an equimolar amount of Pb(NOs)s, 
and readjustment of the pH to 7.0. These solu- 
tions were given intraperitoneally in doses ranging 
from 110 to 1,260 mg. per kilogram as Pb. 
Sprague-Dawley female rats 3-6 months old and 
weighing 225-285 gm. were used; animals of equal 
weight and age were selected for each experiment. 

For measurements of ultrafilterability solutions. 
were prepared containing 10% M Pb(NOs)s2 la- 
beled with Pb™ and either 10* M DTPA or 
10° M BAETA. Six aliquots of each solution 
were adjusted with NaOH to provide a pH range 
between 4.8 and 83. Some of these solutions, 
representing each chelating agent, were well mixed 
with an equal volume of fresh heparinized canine 
blood plasma and adjusted to the pH range 7.0 to 
8.3. Ultrafiltrates were obtained for radioactivity 
assay by centrifuging portions of each solution, 
contained in Visking cellophane membranes,®* at 
approximately 1,000 g for 20 minutes. 


Results 


The results of the survival experiments 
are shown in Table 1. Neither calcium 
edathamil nor CaDTPA increased the sur- 
vival of lead-poisoned rats. However, the 
edathamil-treated animals survived longer 
than the controls. 


TaBLe 1.—Effect of Equimolar Levels of Calcium 
Edathamil and Calcium DTPA Given 
Intravenously One Hour After a 

Lethal Dose of Pb(NOs):* 


Av. Time to 
Death of 
Survival, Nonsurvivors, 
Treatment No. % Days t 
Calcium edathamil 10 40 1,7-2.3 
Calcium DTPA ll 36 1.1-1.7 
Saline (controls) 9 45 1.21.5 


* Equimolar levels of calcium edathamil and calcium DTPA 
were 118 mg. per kilogram and 158 mg. per kilogram, respective- 


ly. Lethal dose was 70 mg. per kilogram as Pb. 


+t Minimum and maximum values are given to account for 
uncertainties involving exact times of overnight deaths. 
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TaBLe 2—Toxicity of Lead Edathamil, Lead 
DTPA and Lead BAETA Given 
Intraperitoneally to Rats 


Survival at 30 Days, % * 


Dose of Pb, 
Ma/Kg. 


110 37 (8) 
140 - 0 (4) 
0 (4) 


Pb. Edathamil PbDTPA PbBAETA 


175 
945 100 (3) 
1,260 100 (7) 


100 (4) 
50 (8) 


* Numbers of animals given injections are shown in paren- 
theses. 


The relative toxicities of the lead chelates 
of edathamil, DTPA, and BAETA are 
given in Table 2. The lead DTPA chelate 
is more toxic than the lead edathamil chelate, 
but both have considerably less toxicity than 
unchelated Pb++. (The LD5o for unchelated 
Pbt++ is 55 mg. per kilogram,’ whereas the 
LD for the lead DTPA chelate is 1,260 
mg. per kilogram as Pb.) On the other 
hand, the toxicity of lead BAETA was ap- 
proximately that of unchelated Pb*+*. 

In the absence of plasma protein, varia- 
tions in pH from 4.8 to 8.3 had little effect 
on the ultrafilterability of lead in the pres- 
ence of DTPA or BAETA. The ultra- 
filterable fraction in these systems varied 
between 80%-93%. Upon the addition of 
an equal volume of plasma at pH 7.0-8.3 
the ultrafilterable fraction of lead in the 
presence of DTPA remained unchanged but 
dropped to 11% when BAETA was present. 


Comment 


The lack of therapeutic effect of both 
edathamil and DTPA in acute lead toxicity 
is in contrast to their effects in acute 
manganese poisoning.* For an explanation 
of this difference it is well to consider some 
of the physical chemical factors involved.® 
The net stability of the lead edathamil che- 
late, that is, the stability when corrected for 
Ca++ binding,’ is 


Comparable constants for DTPA with 
Pb++ and Mn++ have been calculated by 
the method of Irving et al.1'? from other 
data to be approximately 10.5 and 5.0, 
respectively. On the basis of these relative 
binding affinities alone, DTPA would be 
expected to be more effective than edathamil 
against both Pb++ and Mn++ poisoning.* 

The ineffectiveness of treatment for lead 
relative to manganese is explained when the 
net stability constants are corrected for pro- 
tein interaction. It has been observed that 
Pb+* has a much greater affinity for tissue 
protein than Mn*+*.1#15 Since the binding 
of Pb*++ with the carboxyl and imidazole 
groups of protein is of a relatively low 
order (log K,=2), the basis for this dif- 
ference may be mainly ascribed to sulf- 
hydryl binding, the estimated log K, with 
sulfhydryl being about 5 for Mn++ and 
about 11 for Pb++.1° Other factors may 
also be involved, such as the reinforcement 
of binding by cross linkage of adjacent 
protein molecules through the interaction of 
Pb++ with carboxyl groups'!? or other 
functional groups. In addition, the binding 
capacity for lead may be expected to be 
higher in tissue protein than in plasma 
protein because of differences in RS~ con- 
tent.1* + The over-all result is that edathamil 
and DTPA are less able to compete with 
tissue protein for lead than for manganese. 

The prolonged survival time produced by 
calcium edathamil and calcium DTPA in 
the present experiments appears to be due 
to chelation which causes removal, or re- 
distribution, of some of the tissue-bound 


*Note added in press: A recent report by 
Anderegg, Nageli, Miller, and Schwarzenbach 
(Helvetica Chimica Acta 42:827, 1959) presents 
data indicating the net value for the binding of 
Pb** with DTPA to be 8.0 rather than the value 
of 10.5 listed above. This corrected value helps 
to explain the nearly equivalent effects of edathamil 
and DTPA against Pb** reported here. 

+S~ indicates ionized sulfhydryl; R stands for 
organic residue. 


log — log 
hile that of Mn++ for edathamil is 
log — log Ki =13.5—10.6=2.9 
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lead. That death was delayed but not pre- 
vented after treatment indicates either that 
the lead chelate releases Pb++ to the tissue 
proteins or that the reduction in tissue lead 
produced by chelation is equivalent to giving 
a lower dose of Pb++. In previous un- 
published experiments an increase in sur- 
vival time was observed in rats given 
progressively lower lethal doses of Pb+*. 

Dialysis and centrifugation experiments 
on plasma and red blood cells in vitro,’ 
as well as perfusion experiments on liver 
in vivo,” have demonstrated the ability of 
edathamil to complex and subsequently re- 
move a significant fraction of tissue-bound 
lead. In addition, injection of a metal in 
the chelated form rather than in the free 
ionized form reduces the amount of free 
metal ions available for interaction with tis- 
sue components and results in lower tissue 
deposition and elevated urinary excretion.®:?! 
In the case of BAETA the binding with 
Pb+*, as shown by ultrafiltration as well 
as by titration studies,2* is much weaker 
than with edathamil and DTPA. Conse- 
quently, lead injected as the lead BAETA 
chelate exerts approximately the same effect 
as when given in ionic form. 


Summary 


Three chelating agents, ethylenediamine- 
tetra acetic acid (edathamil), diethylenetri- 


aminepenta acetic acid (DTPA), and 
2:2’-bis(dicarboxymethyl) amino diethyl 
ether (BAETA), have been compared for 
their protective action against acute lead 
The lead chelates of 
edathamil and DTPA were much less toxic 
than lead nitrate. 
and CaDTPA ineffective 
given one hour after the 
lead nitrate. BAETA was ineffective in 
both cases. The explanation for these re- 
sults is discussed in terms of the relative 
affinities of these three chelating agents for 
Pb++ and Ca++ and of Pb*+* for the tis- 
sue proteins. 


poisoning in rats. 


3oth calcium edathamil 
were when 


injection of 
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The Pulmonary Response to a Proteinaceous Dust 


Organic dusts play important roles in 
such occupational diseases bagassosis, 
byssinosis, and farmer’s lung 
Basically, however, little is known of how 
alveolar tissue responds to the presence of 
organic dusts, particularly to those com- 
posed of proteins. Although pollens can be 
considered the most ubiquitous of organic 
dusts, their large particle size limits their 
peripheral impingement to the bronchial 
passages, and almost entirely precludes their 
lodgement in the air spaces. It is therefore 
not surprising that histopathologic examina- 
tion of human asthmatic lungs have not 
demonstrated any specific alveolar changes 
other than those secondary to emphysema. 

It is the purpose of this paper to report 
an investigation in which the pulmonary 
parenchyma of guinea pigs was exposed 
over a period of 12 months to a dust with 
a high protein content. The results obtained 
appear to be sufficiently promising to form 
the basis for further study. 


Method 


The experiment involved 40 guinea pigs, of 
which 10 had been given an intra-abdominal in- 
jection of 5 ml. of boiled, skimmed cow’s milk. 
Two weeks later, these injected animals were 
placed in an inhalation chamber, where they were 
exposed to a dust mixture of boiled, skimmed 
cow’s milk plus kaolin. The other 30 guinea pigs 
were not injected, and were placed in an identical 
inhalation chamber where they were exposed to a 
similar kaolin dust, but without milk solids. 

The milk-kaolin dust was produced by atomiz- 
ing boiled, skimmed cow’s milk, to which finely 
divided kaolin had been added prior to boiling. 
The atomization was performed under a pressure 
of 40x, and the resulting aerosol was heated to 
vaporize the water of the droplets. The control 
animals were exposed to a dust similarly prepared, 
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except that the starting material was an aqueous 
suspension of the same kaolin. 

The rate of air flow into the chamber was meas- 
ured by means of a flow meter, and the exhaust 
air was passed through an electric precipitator 
prior to its escape to the outside. The average dust 
content of the chamber air was determined by 
periodically weighing the materials collected in the 
electrostatic precipitators, and dividing these 
weights by the product of the air flow and the 
time. In order to determine the ratio of milk to 
kaolin in the dust, an aliquot of the precipitated 
milk-kaolin dust was incinerated after it had been 
dried to constant weight. The loss of weight fol- 
lowing incineration represented the weights of the 
milk dust in the sample (neglecting the mineral 
content of the milk). The diameters of the air- 
borne particles in both chambers under operating 
conditions were determined by optical sizing after 
electrostatic precipitation. In the case of the milk- 
kaolin dust, the sizing was repeated after incinera- 
tion and washing the slide with concentrated 
hydrochloric acid and water. 

Because milk is an excellent medium for the 
growth of bacteria, the atomizing apparatus was 
kept clean, and each day’s exposure was begun 
with a sterile milk-kaolin suspension. Exposures 
were continued six hours per day, five days per 
week, with but few minor interruptions, for the 
entire year. 

Because of the nature of the findings in the 
lungs of the injected animals exposed to milk- 
kaolin dust, it was deemed advisable to obtain ad- 
ditional control animals. These were taken from 
another, parallel investigation, and consisted of two 
groups of 30 guinea pigs each, exposed to quartz 
and ground glass dust, respectively, in identical 
inhalation chambers under conditions similar to 
those existing in the kaolin chamber. These dust 
exposures were likewise for six hours per day, 
five days per week, and extended over a period 
of 12 months. 

The essential data of the experimental conditions 
as determined by the procedures detailed above, 
are given in the Table. 

The guinea pigs exposed to milk-kaolin dust 
were killed with ether at intervals. One died of 
pneumonia after 4% months’ exposure. The 
schedule of sampling was as follows: one animal 
each at 2 weeks, 2 months, and 414 months; two 
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Data of Experimental Conditions for Inhalation 


Milk-Kaolin Dust Control Dusts 


Ist 6 Months 2d 6 Months Kaolin Quartz* Glass 


Composition of atomized milk-4 1, milk-2 1. kaolin quartz glass 
suspension water-__ water-2 1. plus plus plus 
kaolin-150 gm. kaolin-200 gm. water water water 


Dust concentration, mg. per cu. 
meter 


milk solids-129 
kaolin-14 


milk solids-129 
kaolin-23 


23.4 21.6 18.6 


Air flow, cu. meter per hr. 4 4 


4 4 


Particle size, microns ¢ 1.5% 


1.3 § 0.7 1.2 Ll 


* The quartz dust was contaminated with iron, and did not produce silicotic nodulation or collagen in guinea pigs. ! 
+ Surface Mean Diameter=2nd */2nd * 
t Before incineration. 

§ After incineration. 


animals at 814 months; two animals at 12 months; followed the dust exposure. All survivors were 
and the last two animals at 12!4 months, two _ killed with ether at the end of that holding period. 
weeks after the cessation of dust exposure. The lungs were inflated with Bouin’s solution 

Of the kaolin-dust control animals, 10 were under a pressure of 10 cm. water. Blocks of lung 
killed or had died at 12 months or earlier; whereas were embedded in paraffin under vacuum, and 
of the animals exposed to quartz dust and glass sections were cut at six microns. These were 
dust, the numbers were 16 and 7, respectively. stained with hematoxylin and eosin. Replicate sec- 
Other dust control animals were killed or died at tions were stained with Van Gieson’s stain, and with 
intervals during the 12-month holding period that 


Weigert’s elastic stain; others were impregnated 


Fig. 1.—Guinea pig 380, 
killed after 12-month ex- 
posure to milk dust. There 
is proliferation of alveo- 
lar cells, with partial or 
complete obliteration of 
affected alveoli. An al- 
veolar duct is seen at 
upper left. It shows focal 
fibrous thickening. Fi- 
brous thickening is also 
seen in an alveolus below 
the center. A few eosino- 
phils are present in the 
air spaces. Hematoxylin 
and eosin. Reduced 4% 
from X 316. 
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with silver by the method of Gordon and Sweet. 
In order to determine more accurately the relation- 
ship of reticulin fibers to other structures, certain 
selected fields in routinely stained sections were 
photographed. The sections were then decolorized 
and impregnated with silver by the method of 
Gordon and Sweet, and the same fields were re- 
photographed. In other selected fields, the depo- 
sition of kaolin within the tissue was visualized 
and studied by the method previously published.* 

Sections were also prepared of the heart, liver, 
spleen, and kidney of all the animals exposed to 
milk-kaolin dust. Sections of these organs of the 
control animals were prepared in only few in- 
stances. 


Results 


Milk-Kaolin Group.—Except for the one 
animal which died of pneumonia after 41% 
months’ exposure in the inhalation chamber, 
the lungs of guinea pigs exposed to milk- 
kaolin dust appeared grossly normal. 

Microscopically, the most important path- 
ologic changes consisted of a striking pro- 
liferation of alveolar cells, which did not 
desquamate, but remained, instead, an in- 
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tegral part of the alveolar wall. The pro- 
liferated cell masses partially or completely 
obliterated alveoli, thereby giving the tissue 
the appearance of irregular consolidation. 
In many foci, alveolar walls were thickened 
by the dense aggregations of alveolar cells. 
The proliferated alveolar cells were char- 
acterized by ovoid, vesicular nuclei of 
moderate size, and dense acidophilic cyto- 
plasm. Cell boundaries usually could not be 
identified, so that the proliferated cell 
masses seemed to be syncytia. The alveolar 
cell masses became permeated by reticulin 
fibers that appeared to grow out from the 
alveolar reticulin. The reticulin fibers ul- 
timately formed an unusually closely woven 
meshwork of variable density. Whereas in 
the early months of exposure to the pro- 
teinaceous dust there was little tendency for 


localization of this proliferative process, in 
the later months this lesion seemed to be 
concentrated along some of the bronchioles 
and their alveolar ducts, while leaving neigh- 


Fig. 2.—Reticulin pat- 
tern of the same field as 
in Fig. 1. The fibers are 
closely meshed near the 
alveolar duct. Collageni- 
zation is indicated by the 
almost homogeneous black 
texture. Gordon and 
Sweet method. Reduced 
4% from X 316. 
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Fig. 3.—Guinea pig 376 
killed after 84-month 
exposure to milk dust. 
This is a granulomatous 
nodule with a_ necrotic 
center and eosinophilic in- 
filtration. There is pro- 
liferative alveolitis in the 
environs. Alveoli contain 
some desquamated cells 
and occasional eosinophils. 
Hematoxylin and eosin. 
Reduced 4% from X 124. 


boring bronchioles and their connecting 
structures relatively uninvolved. At the end 
of 12 months, focal collagenous thickenings 
of the walls of bronchioles, alveolar ducts, 
and of some alveoli were not uncommon. 
There was frequently, also, hyperplasia of 
bronchial and bronchiolar epithelium, with 
luminal narrowing. 

A less common, but nonetheless striking, 
finding was the occurrence of granulomatous 
foci. These were noted in four of the ten 
animals. In the lungs, such foci consisted 
essentially of clusters of alveoli completely 
obliterated by proliferated cells. Here the 
cytoplasm was less acidophilic, and the 
nuclei were more widely separated, suggest- 
ing larger cells. In addition, there was 
central necrosis, and an infiltration by 
eosinophilic leukocytes. One of such granu- 
lomatous foci was subpleural, and the 
covering pleura had a caplike thickening. 
One granuloma with central necrosis was 
found in the esophageal skeletal muscula- 


44/480 


ture. It is of interest that only one of such 
foci was found in each of the four animals, 
although eight to nine blocks averaging 
1.52.0 cm. were examined from each pair 
of lungs. 

Some of the lungs showed partially 
atelectatic and hyperemic regions, in which 
there was a more diffuse proliferation of 
alveolar cells without obliteration of alveolar 
lumens. This caused widespread thickening 
of alveolar walls, and thereby gave the ap- 
pearance of an_ interstitial pneumonitis. 
Concomitant with the cellular proliferation, 
there was a proportionate elaboration of 
reticulin fibers, which formed a meshwork 
such as is illustrated in Figure 2. In addi- 
tion, scattered eosinophils were present 
within the thickened alveolar walls. 

Some medium-sized bronchi also had 
focal, often pronounced, eosinophilic infil- 
tration. Foci of acellular pleural thickening 
without subjacent alveolar lesions were 
found in three of the animals. 
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Fig. 4.— Same animal 
as in Fig. 1. There is 
a subpleural granuloma 
with a pleural cap. He- 
matoxylin and eosin. Re- 
duced 4% from 124. 


Fig. 5.—Reticulin pat- 
tern of the same field as 
in Figure 4. Although 
there is obvious prolifera- 
tion of reticulin fibers at 
the periphery of the nod- 
ule, the reticulin frame- 
work in the center has 
been destroyed. There is 
also focal destruction of 
the pleural reticulin. Gor- 
don and Sweet method. 
Reduced 4% from X 124. 
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Fig. 7.— Same animal 
as in Fig. 6. This is one 
of many nodules that re- 
semble lymphocytic foci. 
It contains also dust-bear- 
ing cells. Adjoining alveo- 
lar walls are widened by 
cells similar to those com- 
posing the nodule. Hema- 
toxylin and eosin. Reduced 
4% from X 316. 


Fig. 6.—Guinea pig 378, 
killed two weeks after 
completion of 12-month 
exposure to milk dust. 
This granuloma was 
found in the esophageal 
skeletal musculature. The 
remnants of two muscle 
fibers are seen in the 
lower left portion of the 
field. The center is ne- 
crotic. A fair number of 
eosinophils is present. He- 
matoxylin and eosin. Re- 
duced 4% from X 316. 
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Fig. 8.—Reticulin pat- 
tern of the same field as 
in Fig. 7. The nodule 
contains much more re- 
ticulin than is found in 
lymph follicles. The re- 
ticulin fibers extend gen- 
erally at right angles 
from the alveolar walls. 
Gordon and Sweet method. 
Reduced 4% from X 316. 


Fig. 9.— Composite 
photograph of the same 
field as in Fig. 7. (After 
incineration and acid- 
wash, a dark-field nega- 
tive of the same field as 
in Figure 7 was made. 
This negative was super- 
imposed upon the original 
negative of Figure 7, and 
a composite print made.) 
The kaolin dust content 
of the nodule and adja- 
cent thickened alveolar 
walls is well shown. Most 
nodules contain no de- 
monstrable dust. Reduced 
4% from X 316. 
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In all animals, there was a marked dilata- 
tion of perivascular lymphatic vessels, often 
associated with perivascular edema and the 
formation of a prominent perivascular space. 
The paratracheal lymph nodes were en- 
larged, due to severe hyperplasia of 
lymphoid cells and less-than-moderate hy- 
perplasia of the reticulo-endothelial cells. 
Some of the latter contained dust particles. 
Many of the nodes also showed severe dila- 
tation of the lymph sinuses, occasionally 
forming veritable cysts. In general, the 
amount of dust stored in the nodes seemed 
scanty. The dust storage in the lung paren- 
chyma was likewise scanty. 

In some lungs, there was a striking, bland 
collagenization of the edematous peri- 
vascular stroma, occasionally also involving 
the peribronchial stroma. Some arteries 
thereby acquired a mantle of periadventitial 
collagen as thick as the arterial wall itself. 

In five of the ten animals, there were 
perivascular cell collections, which often 


Fig. 10. — Guinea pig 
381, killed after 2-month 
exposure to milk dust. 
There is obvious cellular 
infiltration of the bronchi- 
olar wall, which obscures 
its normal structures. Al- 
though most of the cells 
are lymphocytes, many 
eosinophils are also pres- 
ent. There is diffuse al- 
veolar cell proliferation, 
minor desquamation, and 
scanty eosinophilic infil- 
tration of the neighbor- 
ing alveoli. Hematoxylin 
and eosin. Reduced 4% 
from X 124. 
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resembled lymphocytic foci, except that 
many of them were highly irregular in out- 
line and blended with the cellularly thickened 
alveolar walls. The reticulin preparations 
demonstrated that these perivascular cell 
collections were also composed of alveolar 
cells, which, however, filled and obliterated 
the perivascular alveoli rather than those 
abutting the alveolar ducts and bronchioles. 
In some of the perivascular cell collections, 
kaolin deposits were demonstrated. 
Emphysema involving only a small por- 
tion of a lobe was noted in several guinea 
pigs. Many of the emphysematous air 
spaces were bounded by irregularly thick- 
ened, cellular walls. The elastic tissue stain 
revealed no evidence of elastic tissue de- 
generation in these areas. Although no at- 
tempt was made to determine the ratio of 
the weight of the right ventricle over that. 
of the left, inspection of the heart gave no 
indication of right ventricular hypertrophy. 
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No significant microscopic lesion was 
found in the heart, liver, or spleen of the 
animals. In two of the guinea pigs, small 
focal interstitial calcific foci were found in 


the renal medulla. No vasculitis was found 
in any organ inclusive of the lungs. 

Control Dust Groups.—The proliferation 
of alveolar cells leading to the obliteration of 
air spaces which characterized the lungs 
of the milk-kaolin group was not found in 
the lungs of the kaolin or glass dust control 
groups. The peculiar close-meshed network 
of reticulin fibers, and the subsequent focal 
collagenization of alveolar and other mural 
structures, were likewise absent in the con- 
trol animals, as were also the granulomatous 
foci. 

In contrast, the lungs of the quartz con- 
trol group did show alveolar cell prolifera- 
tion, with obliteration of relatively few, 
scattered alveoli. This cellular proliferation 
was much more severe than that of the 
milk-kaolin group, and resulted not only in 
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Fig. 11. — Guinea pig 
379, killed after 4%4- 
month exposure to milk 
dust. Perivascular lym- 
phatic vessels are strik- 
ingly distended. There is 
also a moderate edema of 
the adventitial stroma, re- 
sulting in the formation 
of a “perivascular space.” 
Hematoxylin and eosin. 
Reduced 4% from X 124. 


prominent noncollagenous thickening of 
alveolar walls, but also in extensive de- 
squamation, which, in turn, caused alveolar 
obstruction. Whereas the focal pulmonary 
involvement was scarcely appreciable to the 
naked eye in the stained sections of the 
milk-kaolin group, the lesions caused by 
quartz dust generally formed large flocculent 
or continuous masses that were easily visible 
to the naked eye in the stained sections. 
The reticulin network associated with the 
alveolar cell proliferation caused by quartz 
dust was likewise different from that seen 
in the milk-kaolin group, in that it was 
coarser and looser in structure. 

The amount of dust found in the lungs 
and lymph nodes of the control animals was 
much more abundant than that found in the 
milk-kaolin group. 

The other abnormal features noted in the 
lungs of the milk-kaolin group were also 
found in the lungs of the dust control 
groups. These included the presence of 
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perivascular collections of cells that re- 
sembled lymph follicles, focal emphysema, 
interstitial pneumonitis with eosinophils, col- 
lagenization of perivascular and peribron- 
chial stroma, and the dilatation of 
perivascular lymphatic vessels. 


Comment 


It has recently been established that pro- 
liferation of alveolar cells, leading to the 
formation of perivascular cell masses re- 
sembling lymph follicles, is the characteristic 
response of alveolar tissue in the lungs of 
guinea pigs and rats to certain chronic ir- 
ritants, such as dusts, certain proteins, and 
other agents.* These alveolar cell prolifera- 
tions may also be found in apparently 
healthy stock animals. Although commonly 
perivascular, they may occasionally also ex- 
tend to adjoining alveolar walls that are not 
perivascular. 

It is therefore obvious that the mere 
presence of alveolar cell proliferation is not 
specific for, or peculiar to, the long-term 
exposure to proteinaceous dust. Except for 
the perivascular lymph-follicle-like cell col- 
lections, kaolin dust alone did not produce 
proliferative or obliterative alveolitis in any 
of the 30 control animals. The presence of 
such changes along bronchioles and their 
peripheral connecting structures in the lungs 
of the milk-kaolin-exposed animals must, 
therefore, be attributed to the milk dust. 
The close-meshed character of the reticulin 
network associated with the proliferated 
cells also sets this lesion apart. 

What may be considered another indica- 
tion of a foreign protein reaction consists 
of the granulomatous foci with their eosino- 
philic infiltration. This interpretation seems 
proper since no similar lesion was found in 
any of the 90 control animals. Eosinophilic 
infiltration of the lung parenchyma by itself 
is difficult to evaluate, because it may be 
found sporadically in animals exposed to 
various dusts, and also as a spontaneous 
occurrence. It is particularly common in the 
early phases of experimental silicosis. 
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Focal pleural fibrosis, with or without 
involvement of subjacent alveoli, is also 
found occasionally in connection with other 
dusts. Similarly, dilatation of perivascular 
lymphatic vessels is frequently seen in con- 
trol animals whenever there is an incidental 
focal or more generalized inflammation. 
However, the almost universal dilatation of 
perivascular lymphatic vessels in every 
animal exposed to milk-kaolin dust, the ab- 
sence of coincident exudative inflammation, 
seems to mark this as a special feature of 
the pulmonary reaction to foreign protein. 

The collagenization of perivascular and 
peribronchial tissues in rats and guinea pigs 
has been under scrutiny in this laboratory 
for a number of years, but no solution to 
this occurrence is in sight. The presence 
of this lesion in some of the animals ex- 
posed to milk-kaolin dust offers no clue to 
the clarification of this problem. 


No reliable criteria for the anatomic diag- 
nosis of early emphysema exist, and such 
diagnosis, particularly in lungs artificially 
inflated, is hazardous. The focal emphysema 
noted in these animals was, however, pro- 
nounced, and not early. Inasmuch as this 
type of emphysema also occurred in the 
control animals, the milk dust inhalation 
cannot be established as the cause of this 
lesion. 


The preliminary intra-abdominal injection 
with boiled milk was made for the purpose 
of sensitizing the animals to the milk pro- 
tein. To what extent this may have been 
accomplished was not determined. It may 
be assumed that by virtue of considerable 
alveolar deposition of milk dust over the 
12-month exposure period, there was ap- 
preciable parenteral absorption of the 
foreign protein during this time, and there- 
fore additional sensitization was probable. 

For the purpose of this presentation, 
emphasis is placed on the association of 
distinctive pathologic changes with the ex- 
posure to a proteinaceous dust, and the ab- 
sence of such changes in appropriate control 
animals. Although it is likely that allergy 
plays an important role in the production of 
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PULMONARY RESPONSE TO PROTEIN DUST 


these lesions, this has not been established 
as a fact. 


Gregory and Rich* described experi- 
mental anaphylactic pulmonary lesions 
which consisted predominantly of focal 
damage to small blood vessels, particularly 
the alveolar capillaries. Proliferative or 
granulomatous lesions were not described. 
It is probable that the vascular character of 
their experimental lesion was due to the 
fact that the challenging dose of antigen 
was injected intravenously. 

The method of exposing _ sensitized 
animals to an aerosol of the specific antigen 
in an inhalation chamber was used by 
Alexander, Becke, and Holmes,® and some 
years later by Kallds and Pagel.* The 
former used an extract of horse dander as 
their antigen, and found that after a 30- 
minute exposure, 11 of 32 guinea pigs 
developed anaphylactic shock and died. 
However, no mention was made of a mi- 
croscopic study of the lungs. Kallés and 
Pagel ® similarly reported acute experiments 
in which the exposure to an aerosol of egg 
albumin apparently did not exceed 30 
minutes. Although not stated, the impres- 
sion is gained that all sensitized animals 
exposed to the aerosol of egg albumin died 
of anaphylactic shock. Histologic changes 
noted by these investigators were limited 
essentially to the bronchi. Alternating zones 
of atelectasis and emphysema were present. 

A nonfatal, but locally destructive, reac- 
tion has been described more recently by 
Yamamura and coworkers,’ in the lungs of 
rabbits sensitized to egg albumin, and the 
sensitization followed by an intrapulmonary 
injection of egg albumin with paraffin oil 
and lanolin. The injections caused focal 
necrosis, from which cavities resulted. Non- 
sensitized rabbits given the same injection 
did not develop cavities. 

The reason for the failure of the sen- 
sitized guinea pigs in the present study to 
develop anaphylactic shock (the animals 
were asymptomatic!) may lie in one or more 
of the following possibilities (modified from 
the conclusions of Alexander et al.°) : 


Gross et al. 


(a) The animals were not rendered suffi- 
ciently sensitive by the single intra- 
peritoneal injection of boiled cow’s 
milk. 

Boiled cow’s milk is not a “strong” 
antigen. 

(c) The challenging doses in the form of 
inhaled milk dust were not absorbed 
in sufficient concentration or speed 
to be effective. 

The production of pulmonary cavities, as 
described by Yamamura et al.,7 would seem 
at first glance to be remote from the changes 
produced by the inhalation of milk-kaolin 
dust. Yet, both have focal necrosis as a 
common feature. Necrosis was described 
as a precursor to the formation of cavities, 
and central necrosis was present in the 
granulomatous foci found in four of the 
ten animals. 

An evaluation of the various pathologic 
changes observed in the study described 
herein would single out the proliferative 
alveolitis and its distinctive distribution 
(mainly along scattered bronchioles and 
their peripheral connecting structures), as 
well as its peculiar, close-meshed, reticulin 
supporting structure, as one of two features 
sufficiently unique to suggest a foreign pro- 
tein reaction. The other feature which 
supports this view is the presence of isolated 
granulomata. 

The significance of the other observations, 
such as the perivascular lymph-follicle-like 
cell collections, the distension of lymphatic 
vessels, the pleuritis, and perivascular 
edema can be evaluated only by repeating 
this type of exposure upon a considerably 
larger number of animals. Further study is 
also advisable to determine the result of a 
more prolonged exposure, and of a much 
longer survival time. 


— 


Summary 
Guinea pigs were given a preliminary in- 
jection of boiled, skimmed milk, and ex- 
posed for a maximum of 12 months in an 
inhalation chamber to a dust derived from 
an aerosol of boiled, skimmed milk plus 
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kaolin. Control guinea pigs were exposed 
to a similar concentration of kaolin dust 
alone, in an identical chamber, for one year. 
Two other comparable groups of guinea 
pigs, exposed to quartz dust and glass dust, 
respectively, under similar conditions for 
one year, served as additional controls. 

Two observations appear to be unique, 

and suggest that they are a response to the 
presence of a foreign protein in the animals. 
They are as follows: 

1. A proliferative and obliterative alveo- 
litis, concentrated mainly along scat- 
tered bronchioles and their peripheral 
connecting structures, associated with 
an unusual fine-meshed reticulin net- 
work. 

2. Isolated granulomatous foci, with 
central necrosis and eosinophilic in- 
filtration. 

The role that allergy plays in the produc- 

tion of these lesions has not been established. 

Industrial Hygiene Foundation, 4400 Fifth Ave. 
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New Causes of Occupational Dermatoses 


DONALD J. BIRMINGHAM, M.D., Cincinnati 


The introduction, each year, of hundreds 
of new chemical compounds by American 
industry broadens an already wide spec- 
trum of potential causes of occupational 
dermatoses. It has become difficult to keep 
abreast of the names of new compounds, 
to say nothing of understanding the indi- 
vidual roles of these chemicals in causing 
occupational skin diseases. In spite of these 
obstacles, however, certain new materials 
and processes have become conspicuous be- 
cause of their cutaneous irritant or sensi- 
tizing properties. In addition, various 
sources of information from field and 
laboratory research continue to provide 
new insights into some of the old causes 
of occupational dermatoses. 

In discussing causative factors in occu- 
pational dermatoses, we recognize mechan- 
ical, physical, chemical, biological, and plant 
and wood stimuli. Chemicals account for 
the majority of the occupational skin dis- 
eases, and within the chemical and physical 
classifications have occurred most of the 
new and interesting causes of occupational 
dermatoses. Among the chemicals, epoxy 
resins are causing more occupational der- 
matitis than has any other new chemical 
material within the past 10 years. The 
same experience has been noted in Great 
Britain and Switzerland, where much of 
the development of the epoxy resins took 
place.2* The basic epoxy monomer is 
made by combining epichlorhydrin and bis- 
phenol, while the finished polymerization 
product results from mixing the basic resin 
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with one of the aromatic amines which acts 
as a hardener.* Skin contact with the basic 
resin and amine catalyst occurs in mixing 
and continues to occur during the poly- 
merization of the resin. Most of the basic 
resins and the amine catalysts are known 
to be primary irritants as well as sensitiz- 
ing agents, but certain epoxy compounds 
of high molecular weight tend to be less 
irritant and sensitizing than others.® Be- 
cause much of the work with these mate- 
rials is performed by hand, contact is 
difficult to avoid. Further, because of the 
widespread use of these resins in the elec- 
tronics, automotive, pattern-making, die- 
casting, aircraft, and adhesive and 
laminating trades, many workmen are com- 
ing into contact with them. In the larger 
plants, the dermatitis problem has been 
recognized and controlled by engineering 
devices which collect most of the atmos- 
pheric vapors, dusts, and fumes and also 
by personal methods which emphasize 
cleanliness through use of gloves and/or 
barrier creams. Contact with the epoxies 
in small plants where engineering as well 
as personal hygienic measures for prevent- 
ing occupational dermatitis are not used is 
a difficult situation to control. 

In making patterns and forms, the epox- 
ies are frequently laminated with Fiberglas 
sheets. The polyester resins are also used 
extensively with Fiberglas for laminating 
purposes. Past experience has shown that 
Fiberglas, when handled in various opera- 
tions, tends to fragment, and the small 
spicules which become imbedded in the 
skin produce a mild foreign-body reac- 
tion, leading to pruritus and sometimes 


secondary infection from scratching.® 
Rarely has Fiberglas been found to 
produce an allergic dermatitis. Recently, 
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Heisel and Mitchell, at Ohio State Uni- 
versity, have added further verification 
to show that the larger Fiberglas spicules 
have little, if any, tendency to gain 
entrance into the skin.‘ Fiberglas becomes 
a problem in tooling the epoxy, as well as 
the polyester laminates, because the prod- 
ucts are generally finished by sanding, drill- 
ing, grinding, or sawing operations. Unless 
the workman is well protected by clothing 
or performs the finishing operations in an 
exhaust booth, a considerable portion of 
the fine Fiberglas gets into the air and 
easily contacts the exposed surfaces of the 
skin of the immediate workmen, as well as 
others in the surrounding area. The British 
believe these operations may depolymerize 
a completely cured epoxy resin and thus 
make it reactive on the skin. 

Members of the chromate family are 
well-known causes of dermatitis. Chrome 
ulcerations and allergic dermatoses have 
been reported from many trades. The use 
of chromates in diesel locomotives occa- 
sioned an unprecedented rise in dermatitis 
among railroad shop machinists.* The 
chromate was used as an anticorrosion 
compound in the coolant circulating through 
the diesel radiators. It was added to the 
radiator water as a pellet which dissolved 
and permitted the chemical to circulate 
through the cooling system. In disassem- 
bling and repairing the diesel engines and 
the radiator system, workmen came into 
contact with deposits of chromium com- 
pound on the motor, in the exhaust flues, 
and in other sections of the engines. After 
several law suits, the railroads discontin- 
ued the use of the dichromate solution, but 
recent sources indicate that some of the 
railroads have reintroduced the use of 
chromates in the diesel radiators. 

About two years ago, Drs. Lewis and 
Schwartz® investigated an unusual out- 
break of facial edema and flush among a 
group of printers in Washington. These 
men were found to be contacting butyral- 
doxime used as an antiskinning agent in 
ink. When the workmen contacted the 
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butyraldoxime and then indulged in alcoholic 
beverages after their day’s work, they de- 
veloped nausea accompanied by marked 
edema and erythema of the face. The Di- 
vision of Occupational Health of the Mich- 
igan Department of Health ' reported that 
a pyridine compound used as an inhibitor 
in a degreasing compound acted in the same 
way under similar circumstances. 
Chlorinated aromatic hydrocarbons, no- 
tably the diphenyls, diphenyl oxides, and 
chloronaphthalenes, are well-known chlor- 


acnegens. Whenever these materials are 
handled indiscriminately, chloracne can 
occur. In the manufacture of 2,4,5-T 


Weed Killer, intermediate aromatic hydro- 
carbons of the chlorinated group were dis- 
covered as the cause of chloracne in more 
than 200 chemical workers in one plant 
engaged in the manufacture of the weed 
killer. Chloracne can also be seen in some 
metal-plating plants where chlorinated 
waxes are used to mask certain parts of 
the metal not intended to be plated.“ 


Slightly more than 500,000 machinists 
and allied metal tradesmen are employed 
in the United States. Most of these men 
contact a variety of soluble and insoluble 
cutting fluids. In the past contact derma- 
titis from soluble cutting fluids was infre- 
quent, but with the marked increase in the 
use of the soluble fluids more cases caused 
by these oils are being seen. The soluble 
preparations are generally composed of 
mineral oil and an emulsifier, such as pe- 
troleum sulfonate, along with a germicide 
of the cresol, phenol, or nitrobenzene group. 
Less commonly, mercurials are added. Most 
workmen who handle these oils every day 
show dry and erythematous hands and 
forearms, and a significant percentage of 
the men display nummular type eczemas of 
the hands and forearms.’* Among work- 
men the eruptions are invariably attributed 
to the bacterial contamination within the 
soluble emulsion, but the bacteria are non- 
pathogens. It is our belief that the alkaline 
pH of the soluble emulsions and the con- 
tinuous exposure to moisture are more 
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important in causing the dermatitis than 
are the bacteria. The oils must be main- 
tained in an alkaline state, so that they will 
not rust the metal being cut. It is very 
possible that the workmen who develop 
eczematous dermatitis from contact with 
the soluble oils do so because of an ineffi- 
cient buffering system within the skin. 

Among the physical agents, radiation in 
its many forms constitutes a number of 
newly-recognized causes of occupational 
dermatoses. Skin hazards are present in 
the production of fissionable materials for 
atomic use, the production of radioisotopes 
and their use in research medicine in 
industry, and the miscellaneous uses of in- 
dustrial x-ray machines and diffraction 
apparatus. At least five cases of radiation 
injury from x-ray diffraction machines 
have been published within the past few 
years. These have occurred among tech- 
nical people well aware of the harmful 
potential of the x-ray beam." 


The energy emitted by sunlight has var- 
ious effects upon the skin, particularly in 
the presence of certain chemicals, including 
drugs. It is well known that sunlight and 
coal tar produce melanoderma, extremely 
dry skin, and keratoses of premalignant 
nature. The marked increase in gas and 
fuel pipe-line operations is reemphasizing 
this exposure to tar-impregnated pipe- 
wrapping paper and the hot tar being used 
in the present pipe-line operations..* A 
wide variety of polymorphic eruptions on 
the skin due to ultraviolet light calls for 
more insight in protecting persons whose 
occupations permit marked exposure to 
sunlight. 


In the State of Florida, the well-known 
cutaneous disease, creeping eruption, caused 
by Ankylostoma braziliense, constitutes a 
biological cause for occupational dermato- 
sis. Each year, the State of Florida reports 
many cases of this disease among plumbers, 
brick-layers, ditch-diggers, and others whose 
work requires contact with the soil. Creep- 
ing eruption is now recognized as an occu- 
pational entity in the State of Florida.? 


Birmingham 


OCCUPATIONAL DERMATOSES—NEW CAUSES 


The subject of occupational dermatoses 
was one of the main themes at the 11th 
International Congress of Dermatology 
held in Stockholm in 1957. An interesting 
observation was made by Katzenellenbogen, 
of Israel, who studied a group of men 
engaged in the manufacture or handling of 
diethylstilbestrol pellets. He found in one 
plant that all of the men exposed developed 
gynaecomastia, decreased libido, and gen- 
eral impotence. Eight children who had 
contact at home with the same workmen 
were affected with peculiar pigmentary 
changes of the skin, particularly of the 
linea alba. All of the persons showed 
marked urinary excretion of total estro- 

In addition, there are a number of mis- 
cellaneous causes of occupational dermato- 
ses which should not be overlooked: 

1. True contact dermatoses result from 
overtreatment in the first-aid station at the 
plant. The widespread use of mercurial 
antiseptics, the antibiotics, and nitrofura- 
zone (Furacin), among other topical me- 
dicaments, contributes in no small way to 
the problem of prolonged occupational der- 
matitis. 

2. Certain industrial cleansers continue 
to constitute new causes. Some liquid 
cleansers, entirely too alkaline, have caused 
primary irritant effects on their users.'7 
Poor quality granulated cleansers have been 
found to contain abrasives mechanically 
harmful to the skin. Some waterless cleans- 
ers for cleansing the skin are composed of 
more than 50% kerosene. Others contain, 
in addition to the kerosene, large amounts 
of amine, which increase the irritant action 
of the cleanser. At least one large out- 
break of dermatitis caused by waterless 
cleansers has been seen within the past 
three years.'* 

Finally, in reviewing the new causes of 
occupational dermatoses, it is still apparent 
that the basic mechanism of action is gen- 
erally one of primary irritation, whereas 
the allergic reaction accounts for less than 
20% of all occupational skin disease. New 
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chemicals capable of injuring the skin are 
being produced each year. When outbreaks 
or isolated cases of dermatitis due to new 
chemicals or processes occur, it is essential 
that this information be made known 
promptly to industrial physicians and con- 
sultants who will see these cases. By so 


doing, the diagnosis and the treatment of 
contact dermatitis will be facilitated, and, 
even more important, further outbreaks can 
be prevented. 


1014 Broadway (2). 
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Air Pollution Hazards from Diesel Locomotive 


Traffic in a Railway Tunnel 


MORRIS KATZ, M.Sc., Ph.D., Ottawa, Ont., Canada; R. P. RENNIE, M.Sc., and Z. JEGIER, Ph.D., 


Montreal, Canada 


Introduction 


During October, 1957, an intensive study 
was made of the extent of air contamination 
from the exhaust gas of 1,750 h.p. diesel 
locomotives (General Motors Class GR-17 
Road Switcher) while hauling freight and 
passenger trains through the St. Clair 
Tunnel of the Canadian National Railways, 
linking Sarnia, Ont., with Port Huron, 
Mich. At this time the tunnel railway 
system was under electrified operation, but 
plans for the dieselization of this section of 
the line raised the problem of the extent of 
air pollution to be anticipated from diesel 
exhaust fumes in the tunnel. The purpose 
of this survey was to determine the con- 
centration levels of particulate 
matter, and principal gaseous contaminants 
from diesel trains operated in accordance 
with the normal freight and passenger traffic 
schedules; to determine the rate and pattern 
of air flow through the tunnel induced by 
the train movement; to assess the possible 
health hazards due to the tunnel atmosphere, 
and to evaluate the ventilation requirements 
for safe environmental conditions. 


smoke, 


Extensive studies have been carried out 
by the U.S. Bureau of Mines on the use of 
relatively low horsepower diesel mine loco- 
motives in tunneling operations under- 
ground. Ash and Naus! have reviewed 
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some of the hazards involved in such diesel 
operations and concluded that the most toxic 
components of the gaseous pollutants in the 
exhaust are the oxides of nitrogen. How- 
ever, there has been little published informa- 
tion on the exhaust of high horsepower 
diesel engines or on atmospheric conditions 
in railway tunnels. In 1946, Berger and 
McGuire® reported the results of a study 
of the composition of exhaust gas and re- 
sultant air contamination in a railway tunnel 
from a four-unit diesel locomotive, of which 
each engine developed 1,570 h.p. at maxi- 
mum speed. Their observations on atmos- 
pheric conditions in the Cascade Tunnel, 
after various passages of a train equipped 
with the above diesel locomotive, indicated 
maximum levels by volume of 0.53% carbon 
dioxide, 0.014% carbon monoxide, and 171 
ppm of oxides of nitrogen (calculated as 
NOz) in the six samples analyzed. 

This present paper describes the results 
of an intensive study of a railway tunnel 
environment under conditions of fully 
dieselized train traffic. Atmospheric sam- 
pling tests were conducted around the clock 
on an eight-hour working-shift basis during 
Oct. 18, 22, and 23, 1957. In all, more than 
2,000 observations were made to determine 
the fluctuations and range of occurrence of 
contaminant concentrations under a variety 
of traffic conditions. 


The St. Clair Tunnel 


The St. Clair Tunnel has a length of 6,032 
ft. and at its midpoint lies 25 ft. beneath the 
bed of the St. Clair River. The tunnel is 
of tubular shape consisting of a cast-iron 
shell of 20 ft. 6 in. diameter, with a cross 
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sectional area of 312 sq. ft. and a volume 
of 1,875,000 cu. ft. The slope of the ap- 
proach and outbound grades in the tunnel 
is 2%. At the time this study was being 
carried out the tunnel was without forced 
ventilation. 

Due to the features of shape, materials of 
construction, and the cooling effect of the 
river and of the mass of soil above the 
tunnel, it was anticipated that there would 
be little, if any, natural ventilation. Never- 
theless, in view of the operational train 
speed of 15 miles per hour and the fact that 
the frontal area of a diesel unit is ap- 
proximately one-half that of the cross sec- 
tional area of the tunnel, a piston action * 
by the train could be expected to draw a cer- 
tain quantity of diluting air into the tunnel 
with beneficial effect, thus reducing the ex- 
tent of air pollution. The tunnel details are 
shown in Figures 1 and 2. 
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Fig. 1.—Longitudinal section of Sarnia-Port 


Huron tunnel. 


Sampling Locations and Methods 
of Sampling 


The lack of forced ventilation and other factors 
suggested the possibility of wide differences in 
toxic gas concentrations at different points along 
the length of the tunnel. In addition, trains enter 
the tunnel on a downgrade under their own mo- 
mentum with engines idling and coast to about 
the midpoint; here power is gradually applied 
until the locomotive engines are at full power 
at the outbound grade. In order to contend with 
this situation it was necessary to collect air 
samples representing not only average conditions 
but also fluctuating, peak, and residual conditions. 

Sample-collecting stations were, therefore, chosen 
at points 600 ft. inside the Sarnia and Port Huron 
portals and at the midpoint of the tunnel to insure 
that the samples collected would be representative 
of tunnel conditions. The air-sampling stations 
consisted of wooden, railed-off platforms, erected 
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Fig. 2.—Cross section of tunnel. 


on the side wall of the tunnel midway between 
track and roof, each capable of housing a chemist 
and his assistant with all the necessary air- 
sampling equipment, including automatic instru- 
ments. For a- considerable distance on either side 
of the stations additional electric lighting on the 
tunnel walls was installed not only to provide 
the requisite illumination for the operators at 
the stations but also to facilitate the observations 
on visibility conditions in the tunnel. 

Each station was fitted with a loud-speaker sys- 
tem and telephone for the transmission and re- 
ception of messages and instructions to and from 
the laboratory and the communications section 
controlling the traffic through the tunnel. A dia- 
gram showing the locations of the various test 
stations is presented in Figure 3, and the functions 
of these stations are described in Table 1. 

During these tests 104 trains passed through the 
tunnel, from both easterly and westerly directions. 
Of these 104 trains, 26 trains were powered by loco- 
motives consisting of four-diesel units, 15 were 
light engines with two-diesel units only, and, with 
the exception of idling tests, the remainder were 
two-diesel unit trains. Idling tests were conducted 
with locomotives of two-diesel units only. 

Tests for carbon monoxide were made at the 
three gas-sampling stations during the passage of 
all 104 trains. Twenty-four trains were designated 
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TABLE 1.—Test Stations and Their Functions 


Location Function 


Recreation building— Operational headquarters 
Sarnia station & chemical lab. 
Tunnel summit control Control of train operation 
tower—Sarnia in westerly direction— 
Sarnia to Port Huron 
Pump house—Sarnia Medical clinic for taking 
portal of blood samples 
East portal—Sarnia Measurement of air flow in 
tunnel, barometric pres- 
sure, temperature 
600 ft. inside east portal Sampling of tunnel atmos- 
of tunnel phere, visibility, tem- 
perature, & relative 
humidity 
Sampling of tunnel atmos- 
phere, visibility, tem- 
perature, & relative 
humidity 
600 ft. inside west portal Sampling of tunnel atmos- 
of tunnel phere, visibility, tem- 
perature, & relative 
humidity 
West portal—Port Huron Measurement of air flow in 
tunnel, barometric pres- 
sure, & temperature 
Tunnel summit control Control of train operation 
tower—Port Huron in easterly direction— 
Port Huron to Sarnia 


Center of tunnel 


as “special” trains and during their passage, and 
at specified periods afterwards, instantaneous 
samples were collected for the determination of 
carbon monoxide, nitrogen dioxide, total oxides 
of nitrogen, and formaldehyde. A more limited 
number of average, 10-minute gas samples were 
collected by scrubbing through appropriate reagents 
for the analysis of sulfur dioxide, carbon dioxide, 
nitrogen dioxide, and formaldehyde. During idling 
tests, snap samples were collected for the de- 
termination of carbon monoxide, nitrogen dioxide, 
total oxides of nitrogen, and formaldehyde. 

The removal and replacement of sampling 
equipment were facilitated by a small gasoline- 
driven rail car. Checks were carried out on the 
polluting effect of this car with respect to the 
emission of carbon monoxide during the idling of 
the car at the midpoint of the tunnel. 

“Average” air samples were collected in auto- 
matic sequential samplers, each separate intake 
line having a calibrated orifice for regulating the 
absorption rate through the absorbents during the 
collecting period. The sampling mechanism was 
set in motion at the time the test train locomotive 
passed the sampling station and was automatically 
cut out after an absorption period of 10 minutes. 

“Instantaneous” air samples were collected by 
breaking the seals of calibrated 1-liter glass tubes 
that had been evacuated to a pressure of less than 
1 mm Hg. The tubes were specially coded for 
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the following determinations: Carbon monoxide, 
nitrogen dioxide, oxides of nitrogen, and alde- 
hyde. The glass inlet seals were snapped off at 
the following specified times: 

1. Summit (train leaving yard) 

2. Zero time (train passing sampling station) 

3. Zero + 3 minutes 

4. Zero + 6 minutes 

Samples of blood were obtained from personnel 
at Stations 5, 6, and 7 before and after each 
eight-hour exposure period by the medical staff 
of the railway company and by the Occupational 
Health Division of the Department of National 
Health and Welfare and analyzed for carboxy- 
hemoglobin. General medical care was also pro- 
vided by the medical staff over the three-day test 
period. 


Methods of Analysis 


Several months of investigation, trial, and 
preparation at the railway company’s main lab- 
oratories were required before a selection of the 
most suitable methods for analysis could be made. 
In the choice of methods of analysis, consideration 
was given to such factors as the conditions to 
be expected in the tunnel, for example, the possible 
occurrences of comparatively high as well as very 
low concentrations of toxic gases; the facilities 
available at the temporary laboratory established 
at Sarnia, and the effects of storage and trans- 
portation on samples that might have to be re- 
turned for final analysis to the main laboratories, 
some 400 miles distant. 

After the final choice of methods, it became 
necessary to thoroughly train a group of chemists 
and technicians in the specialized sampling and 
analytical techniques required in the handling of 
a large number of samples within a reasonable 
time, with emphasis on both accuracy and speed. 

The methods of analysis were as follows: 

Carbon Dioxide—Carbon dioxide was absorbed 
in barium hydroxide containing barium chloride, 
and the excess hydroxide was titrated with oxalic 
acid, with use of bromothymol blue as indicator.‘ 
The sensitivity of this method is approximately 
20 ppm by volume. 

Carbon Monoxide—(a) Carbon monoxide in 
snap samples was absorbed in N.B.S. colorimetric 
indicating gel containing ammonium molybdate and 
palladium sulfate.°* Standards were prepared from 
air containing 0.074% carbon monoxide as de- 
termined by an infrared spectrometer. This method, 
devised by Shepherd, has a sensitivity of approx- 
imately 0.2 ppm. 

(b) Continuous measurements of carbon monox- 
ide concentration were made by the M.S.A. direct- 
indicating instrument which operates on the 
principle of measurement of heat evolved in the 
catalytic combustion of carbon monoxide over 
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Test 
Station 
q No. 
1 
2 
3 
4 
5 
6 
7 
8 
9 
4 


Hopcalite.? The scale range of the instrument is 
from 0% to 0.15%, with a sensitivity of approx- 
imately 0.002%. 

(c) Carbon monoxide in the blood of personnel 
was determined by means of the microgasometric 
technique of Scholander and Roughton.® Some 
blood samples were shipped by air to Dr. D. V. 
Bates, Royal Victoria Hospital, Montreal, and 
were analyzed by an infrared absorption tech- 
nique.® 

Total Oxides of Nitrogen—Total oxides of 
nitrogen were determined by the phenol-disulfonic 
acid method proposed by the Research Department 
of the Union Oil Company of California” as a 
tentative method to A.S.T.M. Committee D-22 at 
the time this study was in progress. This pro- 
cedure has a sensitivity of approximately 5 ppm 
for total oxides, calculated as NOs. 

Nitrogen Dioxide—Nitrogen dioxide was de- 
termined by the Saltzman™ colorimetric method 
which depends upon the reaction of nitrogen di- 
oxide with sulfanilic acid and N-(1-naphthyl)- 
ethylenediamine dihydrochloride in acetic acid 
solution. This is an accurate method with a 
sensitivity of about 0.05 ppm. 

Formaldehyde.—Formaldehyde was absorbed in 
an aqueous solution of phenylhydrazine hydro- 
chloride, followed by treatment with potassium 
ferricyanide in alkaline solution”*” The sehsi- 
tivity of this procedure is approximately 0.2 ppm. 

Sulfur Dioxide—Sulfur dioxide was absorbed 
in a dilute solution containing sulfuric acid and 
hydrogen peroxide according to the method of 
M. D. Thomas.** Specific conductance was meas- 
ured by means of an Industrial Instrument Com- 
pany’s Model RC-1 Conductivity Bridge and a 
conductivity cell with a cell constant of 0.1 re- 
ciprocal ohms. As employed here, the method was 
sensitive to about 0.05 ppm. 

Oxygen.—Oxygen was determined by absorption 
in alkaline pyrogallol using the Orsat apparatus. 
The procedure was accurate to about 0.25% by 
volume. 

Smoke.—Smoke concentrations were determined 
on a continuous basis by filtration of measured 
volumes of air through paper tape in A.I.S.I. 
(Hemeon) smoke samplers.” The degree of soil- 
ing of the paper was evaluated by optical trans- 
mittance of the spots and calculated in COH 
units per 1,000 lineal ft. of air filtered. The 
measurements were made on an hourly cycle. 

Particulate Matter—Particulate matter was de- 
termined by filtration over eight-hour periods 
through 1,106 flash-fired Fiberglas webs in high- 
volume samplers,” followed by gravimetric de- 
termination of the Fiberglas deposits and expressed 
as micrograms per cubic meter of air. 

Air Flow Measurements——Air flow measure- 
ments were obtained by the use of calibrated 
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TABLE 2.—Diesel Fuel Oil-C.N.R. Specification 
390-1 


Carbon residue on 10% bottoms_____.-_....._.. 0.15% max. 
Alkali or mineral acidity-_.....-...........-... Nil 
Distillation: 
460 F max 
50% distilled at..._- ---- 535 F max 


velometers and anemometers. Temperature, rela- 
tive humidity, and barometric pressure observations 
were made with all air flow measurements to 
facilitate the calculation of air flow rates in the 
tunnel and for calculating concentrations of toxic 
gases under standard conditions of temperature 
and pressure. 

Toxic Gas Components of Diesel Exhaust.— 
Diesel exhaust fumes contain a number of toxic 
gases resulting from the complete or partial com- 
bustion of diesel fuel with the excess air used in 
engine operation.” 

The properties of the diesel fuel used in these 
trials are shown in Table 2. 

The more harmful components of the exhaust 
are carbon monoxide, nitrogen dioxide, and other 
oxides of nitrogen, sulfur dioxide, aldehydes, and 
smoke.” The concentrations at which these con- 
stituents occur in diesel exhaust largely depend 
on the fuel/air ratio which in turn varies with 
the load on the engine.” At a given speed, the 
weight of air intake per unit time is approximately 
constant, whereas the weight of fuel injected 
increases as the load on the engine increases. 
Under normal working conditions the excess air 
used may be much greater than the stoichiometric 
requirement. 

The trials in the St. Clair Tunnel were con- 
ducted with use of Class GR-17 Road Switchers 
of General Motors’ manufacture. General data 
for these engines are shown in Table 3. 


TABLE 3.—Diesel Electric Locomotive—G.M. Road 


Switcher 
2 
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TABLE 4.—Toxic Gas Concentrations in 1750 H.P. 
Diesel Locomotive Exhaust, PPM 


Half Full 


Constituent Gas Load Load 


Idling 

Carbon monoxide 

Nitrogen dioxide 

Total oxides of nitrogen 
(calculated as NO:) 

Formaldehyde 3-7 


80-110 
65-70 
80-90 


60-105 
250-305 


475-480 
330-450 
440-920 


Apart from the results of Berger and McGuire, 
mentioned earlier, there has been little published 
information on the exhaust of high horsepower 
locomotive engines, such as those used throughout 
these trials. The C.N.R. Research Laboratories, 
however, are conducting investigations in this field, 
the results of which will be recorded in a future 
presentation. Preliminary results indicate that the 
range of toxic gas concentrations in the exhaust 
gas of newly reconditioned engines of three 1,750 
h.p. locomotives under various conditions of load 
is as shown in Table 4. 


Results 


Most of the analytical data on the extent 
of contamination of the St. Clair Tunnel 
atmosphere during the passage of diesel 
trains in the trial period are presented in 
summary in Tables 5-11. As a guide to 
assessment of the significance of the results, 
the threshold limit values for a list of con- 
taminants adopted at the 1958 Annual 
Meeting of the American Conference of 
Governmental Industrial Hygienists *! are 
of interest. For the gases under considera- 


tion here, the following are the respective 
M.A.C. values in ppm by volume: 

Carbon dioxide 5,000 

Carbon monoxide 100 

Oxides of nitrogen 

(calculated as NOs) 25 

Nitrogen dioxide 5 

Sulfur dioxide 5 

Formaldehyde 5 

The value for oxides of nitrogen (ex- 
cluding nitrous oxide) represents a thresh- 
old limit formerly in use that has been 
omitted from lists of M.A.C. values within 
recent years. However, it is still useful as 
a rough guide, although no recommendation 
has been proposed, as yet, for nitric oxide, 
NO. The current limit for nitric acid is 
10 ppm. No threshold limits have been 
established for smoke or nonspecific par- 
ticulate matter. As regards over-all con- 
tamination of the air in more or less 
confined spaces, it is customary to maintain 
the oxygen concentration at a level greater 
than 20.5%. 

Concentrations of carbon monoxide in the 
tunnel atmosphere were, in general, low, as 
shown by the data for snap gas samples in 
Table 5. Apart from two exceptional values 
of 500 and 150 ppm, the maximum con- 
centrations were not higher than 30 ppm, 
and the highest mean was only 8.6 ppm. 
A considerable number of observations of 
carbon monoxide levels were made at each 
sampling station with the direct-indicating 


TABLE 5.—Mean and Maximum Concentrations of Carbon Monoxide in PPM by 
Volume for Instantaneous Gas Samples Collected During Passage of 
Special Test Diesel Trains 


Station 5 


Station 6 Station 7 


No. 
Time Samples Mean 
12:01 a.m.- 8:00 a.m. 
8:00 a.m.- 4:00 p.m. 


4:00 p.m.-12:00 p.m. 


12:01 a.m.- 8:00 a.m. 
8:00 a.m.- 4:00 p.m. 
4:00 p.m.-12:00 p.m. 


12:01 a.m.- 8:00 a.m. 
8:00 a.m.- 4:00 p.m. 
4:00 p.m.-12:00 p.m. 


No. No. 
Samples Mean Max. Samples Mean 


2.3 
8.6 
1.3 


4.0 
6.4 
4.6 


2.8 
2.9 
4.6 


* Figures in parentheses denote peak values omitted from calculation of mean concentrations. 
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TaBLe 6.—Carbon Monoxide as per Cent 

Saturation of Carboxyhemoglobin in Blood 
of Personnel Exposed to Tunnel Atmosphere 
for Eight Hours 


HbCO Saturation, % 


Sub- Differ- Smoking 
ject Exposure Time Before After ence Habit 
A 750 10.60 +3.10 Light 
B 3.14 2.84 -—0.30 Moderate 
C 12:01 a.m.-8.00 a.m. 8.50 9.35 +0.85 Heavy 
D 4.23 4.0 —0.23 Nil 
E 6.40 8.0 +1.60 Moderate 
G 7.10 8.0 +0.90 Nil 
H 2.25 2.4 +0.15 Moderate 
J 8:00 a.m.-4:00 p.m. 5.32 663 +1.31 Light 
K 4.17 6.85 +2.68 Moderate 
L 4.12 8.85 +4.73 Moderate 
M | 7.15 9.30 +215 Moderate 
6.73 6.82 +0.09 Heavy 
P 4:00 p.m.-12:00 p.m. 227 40.06 Nil 
8 | 2.67 9.60 +46.93 Light 


instruments which were operating on a con- 
tinuous basis. Most of these readings were 
negative owing to the insensitivity of the 
instruments in this low concentration range. 
Maximum values were recorded occasionally 
in the range of 10 to 70 ppm, with one read- 
ing as high as 170 ppm. 

Blood samples were obtained from a num- 
ber of subjects employed at the gas-sampling 
stations, before and after each eight-hour 
working shift, and analyzed for carboxy- 
hemoglobin content with results as shown in 
Table 6. The percentage HbCO satura- 
tion levels in subjects prior to exposure to 
the tunnel atmosphere are roughly indicative 
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TABLE 7.—Mean and Maximum Concentrations of Nitrogen Dioxide in PPM by 
Volume for Instantaneous Case Samples Collected During Passage of 
Special Test Diesel Trains 


of smoking habits, among other factors. 
After exposure there was some bias towards 
higher HbCO saturation levels in 50% of 
the 14 subjects listed in Table 6. The re- 
mainder showed virtually no change within 
the limits of +1% HbCO content. These 
results are in substantial agreement with 
the fluctuating but generally low average 
levels of carbon monoxide found in the 
tunnel environment. 

The nitrogen dioxide concentration levels 
in the tunnel atmosphere from analyses of 
204 snap samples collected during the pas- 
sage of 24 gas-test diesel trains varied as 
shown in Table 7. Mean values were dis- 
tributed between 0.4 to 2.8 ppm, and the 
extremes of maximum concentration fell 
within a low of 0.6 and a peak of 15.0 ppm. 
Time-average samples collected over periods 
of 10 minutes each ranged in concentration 
from 0.1 to 0.4 ppm. 

Mean and maximum levels of concentra- 
tion for total oxides of nitrogen (calculated 
as NOs) were found to be distributed as 
shown in Table 8, from analyses of 177 
snap samples collected during the passage 
of the test trains. The mean values varied 
from 9.1 to 38.4 ppm, and the peak in- 
stantaneous concentration reached a level of 
67 ppm. 

The considerable difference in concentra- 
tion levels between nitrogen dioxide and 
total oxides of nitrogen is due mainly to the 
presence of nitric oxide in diesel exhaust 


Station 5 


Station 6 Station 7 


No. 
Samples 


1957 Time 


Mean 


12:01 a.m.- 8:00 a.m. 8 
8:00 a.m.- 4:00 p.m. 8 
4:00 p.m.-12:00 p.m. 8 


12:01 a.m.- 8:00 a.m. 
8:00 a.m.- 4:00 p.m. 
4:00 p.m.-12:00 p.m. 


8 


12:01 a.m.- 8:00 a.m. . 
8:00 a.m.- 4:00 p.m. 4 18 
4:00 p.m.-12:00 p.m. 


Max, 


No. 
Samples 


No. 


Mean Samples Mean Max. 
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: 
Date = 
—— Oct. 18 1.4 3.6 8 0.6 1.5 8 1.6 4.2 : 

: 0.9 2.3 8 0.4 0.8 8 1.8 8.4 

: 0.8 2.0 6 0.4 0.6 4 0.4 0.7 : 

ee Oct, 22 ~~ 9.5 14 2.0 10.0 8 2.5 13.0 
—— 1.5 13 2.8 12.0 8 1.2 3.0 
8 0.5 3.5 13 2.7 11.5 6 2.6 15.0 
ee Oct. 23 1.8 10 0.7 1.9 10 2.3 9.5 : 
pe 5.3 3 0.7 0.9 3 2.7 6.3 : 
ei 5.5 4 0.5 0.9 4 0.6 0.8 | 
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TABLE 8—Mean and Maximum Concentrations of Total Oxides of Nitrogen in PPM 
by Volume Calculated as NOs, for Instantaneous Gas Samples Collected 
During Passage of Special Test Diesel Trains 


Station 5 


Station 6 Station 7 


No. 


No No. 


Time Samples Mean Max. Samples Mean Max. Samples Mean Max. 


Oct. 18 12:01 a.m.- 8:00 a.m. 
8:00 a.m.- 4:00 p.m. 
4:00 p.m.-12:00 p.m. 


12:01 a.m.- 8:00 a.m. 
8:00 a.m.- 4:00 p.m. 
4:00 p.m.-12:00 p.m. 


Oct, 23 12:01 a.m.- 8:00 a.m. 
8:00 a.m.- 4:00 p.m. 
4:00 p.m.-12:00 p.m. 


28.0 23.3 
20.6 25.7 
18.2 14.8 


19.2 28.5 
28.2 3 16.7 
30.8 28.2 


33.7 35.9 
19.6 28.8 
9.1 


$2 £88 


gas. As mentioned by Davis and Holtz,” 
at the high temperatures of combustion in a 
diesel engine the reaction N2+O2=2NO 
takes place. Depending upon temperature 
and oxygen concentration, the exhaust gas 
may contain initially only nitric oxide or a 
mixture of nitric oxide and nitrogen dioxide. 

Furthermore, a number of chemical re- 
actions occur in mixtures of nitrogen di- 


oxide, nitric oxide, oxygen, and water 


vapor.2*3 As a consequence nitric oxide 
is converted to nitrogen dioxide or nitrous 
acid according to the reactions: 
2NO+02=2NO2 

At equilibrium, in the case where the 
concentrations of nitric and nitrogen dioxide 
are equal and water vapor is present to the 
extent of about 2%, the nitrous acid pro- 
duced would be 19% of the concentration 
of nitric oxide. 


The reaction between nitric oxide and 
oxygen to form nitrogen dioxide follows 
the rate law 


— 489) — K[NO]?[O2] 

Since the concentration of oxygen in the 
tunnel was found to be essentially constant, 
the approximate time required for the con- 
version of one-half of the nitric oxide at 
ordinary temperatures may be calculated 


from the equation given by Smith,** 
1 —1.=0,0144t 
x2 #1 
where t¢ is the time in hours, +; and +2 are 


Katz et al. 


the initial and final concentrations of nitric 
oxide in ppm. 

In the case of nitric oxide at an initial 
concentration of 10 ppm, the time required 
for one-half of the nitric oxide to be con- 
verted to NOs is about 7 hours and for an 
initial concentration of 50 ppm, the half life 
is approximately 1.4 hours. 

Since the primary oxidation product of 
the nitrogen in the air supplied with the fuel 
to a diesel engine is nitric oxide, the above 
calculations make it clear that the concentra- 
tion of nitric oxide in the tunnel atmosphere 
would tend to be considerably greater than 
that of nitrogen dioxide. The analytical 
results on total oxides of nitrogen in rela- 
tion to nitrogen dioxide in the tunnel at- 
mosphere are, therefore, indicative of the 
relatively slow rate of oxidation of NO to 
NOz. At the concentration levels shown in 
Table 8, several hours would be required 
to convert 50% of the nitric oxide to the 
much more toxic nitrogen dioxide. In the 
meantime, most of the pollution would be 
swept out of the tunnel by the natural 
ventilation caused by the piston effect of a 
passing train and the induced draft that 
follows. 

The extent of contamination of the tunnel 
atmosphere by aldehydes (calculated as 
formaldehyde) during the passage of the 
gas-test trains is shown by the data in Table 
9 for 213 snap samples. The mean concen- 
trations varied from 1.2 to 5.8 ppm, and 
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TaBLe 9.—Mean and Maximum Concentrations of Formaldehyde in PPM by Volume 
for Instantaneous Gas Samples Collected During Passage of Special Test 
Diesel Trains 


Station 5 


Station 6 Station 7 


No. 
Samples Mean 


1957 Time 


12:01 a.m.- 8:00 a.m. 3.0 
8:00 a.m.- 4:00 p.m. 5.4 
4:00 p.m.-12:00 p.m. 5.7 


12:01 a.m.- 8:00 a.m. 
8:00 a.m.- 4:00 p.m. 
4:00 p.m.-12:00 p.m. 


12:01 a.m.- 8:00 a.m. J 
8:00 a.m.- 4:00 p.m. 4 2.0 
4:00 p.m.-12:00 p.m. 4 2.0 


Max. 


No. 
Samples Mean 


No. 


Max. Samples Mean 


Max. 


3.9 8 3.4 3.9 


7.9 8 3.5 44 8 3.5 5.1 
8.3 8 5.0 6.0 8 3.7 5.1 


6.3 2.4 3.4 
8.3 14 2.9 4.3 8 3.0 3.9 
3.1 14 2.3 3.7 8 4.9 8.9 


3.9 2.8 3.3 


2.6 3 1.5 1.8 4 2.6 3.1 
2.7 4 1.2 2.0 4 1.4 2.2 


the highest instantaneous value reached a 
level of 8.9 ppm. 

With respect to other gases, the ‘iabest 
concentration of sulfur dioxide was found 
to be 0.65 ppm, and the means of six sets 
of 10-minute samples totaling 54 separate 
determinations ranged from 0 to 0.13 ppm. 
The carbon dioxide concentrations in 49 
samples over 10-minute sampling periods 
were generally less than 625 ppm, and the 
maximum level attained was 900 ppm. A 
number of tests for oxygen content of the 
tunnel atmosphere indicated no deficiency 
in this respect, as the concentration varied 
between the limits of 20.5% to 20.8%. 

Relatively high levels of smoke and 
particulate matter were found inside the 
tunnel, especially during periods of train 
activity, as compared with concentrations 
usually encountered in urban atmospheres. 


Taste 10.—Concentrations of Particulate Matter in 
the Tunnel Atmosphere in Microarams per 
Cubic Meter of Air from High- 

Volume Filter Samples 


Date, Station Station Station 
1957 ' Time 5 6 7 
Oct.18 12:01 a.m.- 8:00 a.m. 900 - 1,800 

8:00 a.m.- 4:00 p.m. 1,100 1,400 1,600 
4:00 p.m.-12:00 p.m. 1,100 1,100 1,100 
Oct. 22 12:01 a.m.- 8:00 a.m. 1,500 1,200 1,700 
8:00 a.m.- 4:00 p.m. 2,000 1,600 2,300 
4:00 p.m.-12:00 p.m. 1,700 1,100 1,500 
Oct. 23 12:01 a.m.- 8:00 a.m. 2,200 1,300 1,600 
8:00 a.m.- 4:00 p.m. 1,500 1,200 1,000 
4:00 p.m.-12:00 p.m. 2,000 900 1,100 


The mein hourly smoke concentrations for 
24-hour periods varied from 5.3 to 10.1 
COH units per 1,000 linear ft. of air, with 
a maximum hourly concentration of 22.4 
COH/1,000 ft. Parallel observations at a 
sampling station outside the tunnel yielded 
hourly values in the range of less than 0.5 
to 46 COH per 1,000 ft. Particulate 
matter, on the basis of samples collected by 
high-volume filtration samplers, varied in 
concentration over eight-hour test periods 
from 900yg. to 2,300ug. per cubic meter of 
air, as shown in Table 10. 

A condensed summary of the mean con- 
centrations of air contaminants found in 
the tunnel atmosphere over 24-hour test 
periods is shown in Table 11. 


Comment 


The health hazards associated with the 
concentrations of air pollutants from diesel 
exhaust liberated in the tunnel during the 
passage of trains revolve mainly around the 
levels of total oxides of nitrogen in relation 
to nitrogen dioxide, formaldehyde, smoke, 
and particulate matter. Close medical super- 
vision was exercised over all men stationed 
in the tunnel during the tests and par- 
ticipating in the blood sampling. The 
physical examinations included pulse and 
blood pressure readings, condition of the 
eyes, throat, and chest, and investigation 
of reports as to effects of smoke on visi- 
bility and possible irritation or lacrimation. 
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TABLE 11.—Mean Concentrations of Air Contaminants 5 94 Samples Collected 
During Twenty-Four-Hour Perio 


S 


Oct. 18, 1957 
Station 


Type 


Oct. 22, 1957 
Station 


Contaminant Sample 


Carbon 
monoxide 


Instan- 
taneous 


No. samples 
ppm 


Instan- No. samples 
taneous ppm 
10min. No. samples 


av. ppm 


Nitrogen 
dioxide 


Total oxides 
of nitrogen 
(calculated 
as NO:) 


Instan- 
taneous 


No. samples 
ppm 


Instan- No. samples 
taneous ppm 
10min. No. samples 


av. ppm 


Formal- 
dehyde 


Carbon 10-min. 
dioxide av. 


No. samples 
ppm 


Sulfur 10-min. 
dioxide av. 


No. samples 
ppm 


Smoke Hourly COH Units/ 
spots 1,000 ft. of 
(24-hour air 
mean 


values) 


Contin- 
uous 
8-hourly 


Particulate 


matter pe/cu. M. 


Full medical protection was maintained, in 
readiness, at the Sarnia portal to the tunnel 
during all hours when the trials were in 
progress. 

Minor eye and throat irritation was re- 
ported on three occasions for brief periods 
of a few minutes during heavier than usual 
smoke conditions in the tunnel when tests 
were being conducted with a train stopped 
at the midpoint of the tunnel and diesel 
engines idling. However, the subsequent 
physical examinations failed to reveal any 
evidence of toxic after-effects, and this was 
also true for all personnel engaged in the 
gas-sampling trials on an eight-hour shift 
basis around the clock. 

The generally negative medical findings 
are substantiated by the results for carboxy- 
hemoglobin content of participants at the 
tunnel sampling stations. Such increases in 
HbCO content as were found in several 
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were of the same 
might be derived 


subjects after exposure 
order of magnitude as 
from smoking habits. Furthermore, no 
abnormalities or other after-effects were 
found in the physical condition of tunnel 
participants at any time subsequent to these 
daily eight-hour exposures. 

However the following reasons have led 
to a recommendation for the installation of 
appropriate forced-draft ventilation for this 
tunnel prior to full dieselization of train 
movement to replace electrical operation. 
Although average levels of carbon monoxide, 
carbon dioxide, nitrogen dioxide, and sulfur 
dioxide were well below their respective 
M.A.C. values (Table 11), some concern 
was directed at the concentrations found 
for total oxides of nitrogen, aldehydes, 
smoke, and particulate matter. Such factors 
as the possible reactions between aerosol 
and gaseous contaminants, adsorption of 
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Station 
— Po 5 6 7 8 6 7 5 6 7 
5.0 4.1 2.9 3.4 5.0 2.9 3.8 3.4 5.4 
¥ 24 2 20 24 40 22 18 17 17 
a P| 1.0 0.5 13 1.0 2.5 21 1.6 0.6 1.9 
te 3 4 3 5 5 5 12 9 10 ie 
a CY 0.2 0.1 0.3 0.2 0.2 0.3 0.3 0.1 0.4 a 
og 21.7 22.3 21.3 17.8 26.1 24.5 32.7 23.2 24.6 
24 24 4 42 “4 17 16 18 
. 4.7 3.9 3.5 3.4 2.9 3.4 2.3 18 2.3 
1 1 2 1 1 3 6 6 
— 3.4 2.9 ~ 2.3 2.4 2.8 24 3.1 2.5 
? 5 5 4 3 2 3 8 8 rt 
t 626 458 469 579 615 630 563 536 575 a 
0.00 0.01 0.13 0.07 0.10 0.13 
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1,000 1,200 1,500 1,700 1,300 1,800 1,900 1,100 1,200 
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toxic gases on carbon particles and other 
particulate matter, and solubility of gaseous 
components of exhaust in water droplets 
and other liquid particulates were given 
due consideration. Finally, the possibility 
of joint action or the synergistic effect of a 
mixture of such contaminants was not 
overlooked. 

In the case of nitrogen oxides, the 
chronic toxicity of nitrogen dioxide would 
appear to be fairly well established around 
the current M.A.C. level of 5 ppm for the 
eight-hour working day as set by the Com- 
mittee on Threshold Limits of the American 
Conference of Governmental Industrial 
Hygienists. On the other hand, there is 
very little information available on the true 
toxicity of nitric oxide, since all animal tests 
must involve mixtures of NO with varying 
amounts of NOs. The consensus is that 
NO is at least one-fifth as acutely toxic as 
NOz and, consequently, can be tolerated in 
concentrations fivefold or greater than NOs. 
This would tend to set a possible threshold 
limit for the mixed oxides of about 25 
ppm, although no such limit has been recog- 
nized by the A.C.G.I.H. within recent years. 
Furthermore, NO, as opposed to NOs, ap- 
parently does not possess irritating proper- 
ties within the levels of concentration under 
consideration here. At sufficiently high con- 
centrations, NO combines with the blood 
hemoglobin to form methemoglobin. A\l- 
though no blood tests were made for methe- 
moglobin in the present study, later work 
on diesel exhaust contaminants in another 
tunnel study as yet unpublished showed 
that with essentially comparable levels of 
nitrogen oxides there was no detectable 
formation of methemoglobin in the blood 
As to the possible 
presence of higher oxides of nitrogen, such 
as NoQOs, in the tunnel atmosphere, this is 
considered to be highly unlikely because of 
the virtual absence of sunlight (or of ozone) 
in the tunnel environment. 


of exposed subjects. 


With reference to formaldehyde, it is 
commonly accepted that at the levels en- 
countered in this study the action of this 
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contaminant is chiefly irritation of all sensi- 
tive tissues contacted, such as the eyes and 
upper respiratory tract. The 5 ppm thresh- 
old limit is sufficiently low to avoid any 
lung injury. In the case of diesel fumes, 
it is probable that any eye irritation ex- 
perienced in such exposure is directly at- 
tributable to formaldehyde or higher 
aldehydes. 

Smoke and particulate matter represent 
nonspecific pollutants that are objectionable 
above certain minimum levels, depending 
upon effects on visibility and possible irrita- 
tion of the respiratory tract. However, the 
presence of a number of polynuclear 
aromatic hydrocarbons and other compounds 
in smoke from the combustion of fuels, 
including diesel smoke, is an added reason 
for reducing as far as possible the concen- 
tration of smoke and particulates in the 
tunnel atmosphere. 

Toxicity experiments by Pattle et al.” 
on the direct exhaust from a diesel engine 
have indicated that there was no mortality 
and only mild tracheal and lung damage 
to experimental animals after a five-hour 
exposure to a mixture consisting of 560 
ppm CO, 23 ppm NOs, 46 ppm oxides of 
No (calculated as NO2), 16 ppm aldehydes 
(calculated as HCHO), and 74,000yg. per 
cubic meter of particulates. The visibility 
in this experiment was only 6 ft. In other 
experiments, under different engine operat- 
ing conditions, with NOs concentrations of 
51 and 43 ppm and oxides of Ne of 209 
and 174 ppm but with lower concentrations 
of carbon monoxide and aldehydes than 
quoted above, the fumes were less acrid 
but much more lethal, a high proportion of 
the animals dying during or shortly after 
the five-hour exposures. 

Recommendations as to ventilation of the 
tunnel atmosphere, therefore, were based on 
requirements involving the maintenance of 
atmospheric contaminants well below 
M.A.C, limits, including an arbitrary value 
of 25 ppm for total oxides of nitrogen and 
corresponding reductions in smoke and 
particulate matter, bearing in mind the ex- 
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tent to which the movement of trains aug- 
ments the scale of natural ventilation. 

The displacement of part of the tunnel 
atmosphere by moving trains results in a 
piston action which pushes a considerable 
volume of air aheac of the train, while a 
corresponding suction effect draws fresh 
air into the tunnel at the inbound portal. 
Smoke and exhaust gases in the form of a 
trailing wake or “slug” are drawn along 
with the train. The volume of the tunnel 
has been estimated at 1,875,000 cu. ft. 
The measured average air displacement per 
train was 1,540,000 cu. ft. with mini- 
mum and maximum values of 1,000,000 
and 2,600,000 cu. ft. during the passage 
of the special test trains. 

Theoretical values for residual levels of 
toxic gases in the tunnel may be computed 
by means of the formula *® 

C=C or Is (C/C,)=——Bt 
where C is the residual gas concentration, 
C, is the initial gas concentration, B is the 
coefficient of ventilation, f is the time, and 
Bt represents the number of air displace- 
ments required to reduce the gas concentra- 
tion from C, to C. 

In the case of total oxides of nitrogen 
with an initial, instantaneous concentration 
of 47.2 ppm at the midpoint of the tunnel 
and maximum air displacement at 2,600,- 
000 cu. ft., the estimation of the residual 
concentration after dilution by air induced 
by passage of a train through the tunnel, 
yields a residual level of 11.9 ppm. At 
minimum air’ displacement of 1,000,000 
cu, ft. and initial concentration of 25.2 ppm, 
this is reduced by calculation to a residual 
level of 14.8 ppm. The theoretical values 
for residual levels of toxic gases existing 
in the tunnel between train passages were 
confirmed by the results of analyses of gas 
samples collected prior to entrance of trains 
into the tunnel. 


Summary 


The mean concentrations of toxic gases 
in the St. Clair Tunnel during the three-day 
period of these trials, when all train move- 
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ment was dieselized, were, in general, below 
the threshold limits of the A.C.G.I.H. There 
were no abnormal health effects observed 
on participants during eight-hour exposures 
to the tunnel atmosphere, with the excep- 
tion of some minor cases reported of eye 
and throat irritation on three brief occa- 
sions. Nevertheless, in view~of the levels 
of oxides of nitrogen, aldehyde; smoke, and 
particulate matter attained under conditions 
of maximum contamination, adequate forced 
ventilation of this tunnel has been recom- 
mended to be installed before full dieseliza- 
tion is introduced to replace electrical 
operation of trains. 
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The Radiation Dose to the 


Inhaled Radon 


DONALD A, MOSKEN, Ph.D., Rochester, N.Y. 


The toxic effects of inhaled radon may 
be considered to result from the combined 
actions of three distinct radioactive agents. 
These agents, all of which arise from radon 
in the atmosphere and may be distinguished 
by their ultimate dispositions within the 
animal, are (a) the active-deposit* of 
radon which is present in the atmosphere, 
(b) radon, and (c) the active-deposit of 
radon which is produced within the animal. 

At the present time the most suspect of 
these is the air-borne active-deposit. In- 
halation of this material, usually present on 
dust, results in the deposition of radioactive 
material in the respiratory tract. It has 
been pointed out that this material, when 
deposited in the lung, should be more haz- 
ardous than radon alone. One effect of 
this active-deposit, which includes two 
a-emitters, is presumed to be lung cancer, 
and the majority of biological experiments 
which have been done with radon (with 
and without the active-deposit) were at- 
tempts to evaluate the carcinogenic prob- 
abilities of radon inhalation.*? While there 
is evidence to indicate that this material 
does indeed produce a large physical dose 
to the bronchial epithelium compared to 
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group of short-lived disintegration products of 
radon, namely, RaA, RaB, RaC, and RaC’. Because 
of their short half-lives, these isotopes are almost 
always present in atmospheres which contain radon. 


Kidney of the Rat from 


that from radon alone,':* attempts to induce 
lung cancer by this means have not been 
successful. However, in the absence of 
other information the large physical dose 
which can be delivered to the lung by the 
air-borne active-deposit is considered suffi- 
cient reason to designate the lung as the 
critical organ for exposure to radon. The 
present Maximum Permissible Concentra- 
tion for radon is based on such a designa- 
tion.* 

The second agent, radon, is a chemically 
inert gas which, when inhaled, distributes 
throughout all animal tissues in accordance 
with its solubilities in these tissues.5 This 
gas, an a-emitter, thereby produces a radia- 
tion dose to all tissues. Radon within the 
animal is a diffuse source of radiation, 
similar to external penetrating radiation, 
and may be contrasted with the highly local- 
ized, or particulate, character of the active- 
deposit in the lung. 


The third agent, the active-deposit which 
is produced within the animal, results from 
the radioactive decay of the radon in the 
animal. The active-deposit includes iso- 
topes of polonium, lead, and bismuth, each 
of which might be treated individually by 
the animal. Because of the parent-daughter 
relationships which exist among these iso- 
topes and because of their short half-lives, 
there can probably be no complete inde- 
pendence of these isotopes in any one tis- 
sue. There exists, however, the possibility 
that one tissue might selectively accumulate 
one isotope in preference to the others. For 
example, polonium?!’ is known to accumu- 
late in the kidney ®; it follows, then, that 
RaA (polonium?!*) might also accumulate 
in the kidney. Similarly, a tissue which 
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accumulates bismuth should accumulate 
RaC (bismuth?"*). Because of the very 
short half-life of RaC’ (polonium?"*), 


RaC’ will always be found in dynamic equi- 
librium with RaC. Thus, the active-deposit 
of radon which is produced within the tis- 
sues might provide a radiation dose which 
is distributed differently from that of its 
parent radon. 

rhe nonuniformity of distribution of the 
radiation dose from injected active-deposit 
has been reported,’ as well as the histopa- 
thology and acute toxicity following such in- 
jection.’ These experiments indicate that 
the kidney receives the largest dose and 
also exhibits the most damage. The sug- 
gestion has been made? that renal failure 
might be the cause of death following radon 
administration to mice. Long-term studies 
with the injected active-deposit indicate a 
shortening of life span and the occurrence 
of renal lesions.§ 

Kidney damage is also evident following 
the inhalation of radon by mice. An ex- 
periment is reported® in which mice 
(CAF,, Bar Harbor) were exposed for 18 
hours to a radon concentration of 2.4 10~* 
curie per liter, relatively free of the active 
deposit of radon. After exposure, the ani- 
mals were killed at intervals from 12 hours 
to seven months. The kidneys of mice killed 
after five months showed both atrophy and 
proliferation of the tubular epithelium. 
Many of the tubular nuclei were large and 
hyperchromatic. The glomeruli were re- 
duced in size. There was an increased thick- 
ness of the media of small arteries. The 
whole-body dose was estimated to be 225 
rad. 

This description of the renal lesions 
which follow radon inhalation is similar to 
those reported following the intravenous 
injection of the active-deposit of radon in 
mice (dose of 5,200 rad)? and of polonium 
in rats (dose of 2,000 rad).'* The finding 
that extensive renal damage may occur 
from relatively small doses of a-radiation 
suggests that the kidney, in addition to the 
lung, might be a critical organ for radon 
inhalation. 
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The 30-day LDs9 dose for radon inhaled 
free of active-deposit 1° and that for in- 
jected active-deposit? and the equivalent 
x-ray doses are compared in the following 
tabulation. The doses, referred to the 
whole animal, are the same in either case. 
Yet the distribution of activity within the 
animals should be somewhat different, since 
with inhalation there is radon present in all 
tissues. In order to compare the distribu- 
tion of activity following inhalation of 
radon to that following injection of the 
active-deposit, an exploratory experiment 
has been performed, and is reported herein. 


Radiation Dose, Reference 
Ergs/Gm. 
Inhaled radon 37,000 10 
Injected active-deposit 36,800 7 
X-rays 52,400 7 
Experiment 
White male Rochester-Wistar strain rats were 


exposed to a radon concentration of 1.2510~ curie 
per liter for three and one-half hours in the same 
inhalation apparatus used for the pathology and 
acute toxicity studies with mice.*”" At the end 
of the exposure period chloroform was injected 
into the system. The rats thereby died under the 
radon atmosphere, a procedure necessary to prevent 
loss of radon from the animal. The rats were 
removed from the chamber, and kidneys, livers, 
spleens, and hearts were excised. These organs 
were weighed and then sealed into glass tubes in 
order to retain their radon contents. The sealed 
tubes were counted for y-activity with an annular 
G-M detector. Counts on each sample were taken 
repeatedly during a 4-hour period in order to ob- 
tain decay-curve information and once at 24 hours 
to permit determination of the radon content. The 
total number of counts collected at each measure- 
ment was not less than 2,000 and in most cases 
was greater than 5,000. The air concentration was 
measured independently 
elsewhere.” 


for radon, as described 


Results 


After subtraction of radon activity the 
decay curves were extrapolated to zero time 
(death of the animals). For this extrapola- 
tion it was assumed that the- y-activity 
measured in the organs resulted from an 
equilibrium mixture of RaB and RaC; for 
this situation the activity at zero time is 


twice that measured 60 minutes later. For 
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RADIATION FROM INHALED RADON 


comparative purposes, the absolute magni- 
tude of the air concentration of radon was 
eliminated by dividing each of the activities 
per gram of wet tissue by the y-activity 
measured in a milliliter of air, when radon 
is in equilibrium with its active-deposit. 
The resulting ratio is termed the relative 
activity. 

The data are tabulated as the relative 
activities for both radon and the active- 
deposit. The third column shows the ratio 
of activity of the active-deposit to that of 
the radon. 


This information is important 


because under static conditions this ratio 


cannot exceed unity. 


Relative Activity t¢ Ratio 


Active-Deposit/ 


Organ Radon Active-Deposit Radon 
Kidney 0.27 1.93 7.2 
Liver 0.27 0.54 2.0 
Spleen 0.27 0.48 18 
Heart 0.27 0.37 1.4 


+ Total y-activity of organ relative to total 
y-activity measured from an equal volume of air 
at equilibrium between radon and active-deposit. 


Comment 

Two facts are immediately evident from 
the tabulation. For radon alone, the equal 
distribution of radon tissues 
and the tissue-air ratios 
with the findings of others.® 


among the 
measured agree 
The active- 
deposit, however, exhibits a pattern of dis- 
tribution suggestive of specific physiologic 
action. The kidney, for example, contains 
about seven times the y-activity which can 
be supported by the radon in the kidney. 
The RaB or RaC which supplies this ex- 
cess radioactivity must have been accumu- 
lated by the kidney from the blood. This 
finding agrees, qualitatively at least, with 
data on injected active-deposit.* 

The y-activity measured in this experi- 
ment arises from both RaB (Pb?"™) and 
RaC (Bi?™). With the first measurement 
of each tissue made 40 minutes after death 
of the animals, the decay data do not permit 
an evaluation of the amount of RaA ( Po?!8, 
half-life of three minutes) in the organs. 
Furthermore, at 40 minutes RaB (268 
minutes) and RaC (19.7 minutes) are near- 
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ly in equilibrium, even though they may 
differ considerably from equilibrium at zero 
time. Thus these data do not lend them- 
selves to an analytical method for the sepa- 
ration of total activity into its RaB and 
RaC components. One certainty is evident, 
however; RaC’ ( Po?™), with a half-life of 
160usec., is continually in equilibrium with 
its parent RaC, for all practical purposes. 

Radon, RaA, and RaC’ are a-emitters, 
having emission energies of 5.5, 6.0, and 
7.7 mev, respectively. If it is assumed that 
the y-activities measured in the organs are 
from an equilibrium mixture of RaA, 
RaB, RaC, RaC’, then the relative 
activity figures for the active-deposit repre- 
sent the sum of the activities of two 
a-emitters, RaA and RaC’. Hence, for dose 
calculations, only two a-activities need be 
considered: the e-activity of radon having 
an energy of 19.2 mev { and the a-activity 
of the active-deposit having an energy of 
13.7 mev. The dose delivered by radon and 
the active-deposit can be expressed by the 
formula: 

D=2.1 C t rad 

in which C is the concentration of radon in 
the inhaled air in millicuries per liter 


and 


t is the exposed duration in hours 
wy and po are the relative activities of radon 
and active-deposit, respectively in the organ. 
This equation ignores the buildup of activ- 
ity after the start of inhalation and the 
decay of activity after termination of the 
exposure. The error involved will be small 
if the exposure duration is several hours. 

Mice which received the active-deposit by 
injection exhibited renal lesions after a dose 
to the kidney estimated to be 5,200 rad.? 
Mice exposed to a radon atmosphere of 
2.4X10-* curie per liter for a period of 
18 hours showed the same kind of lesion; 
the whole-body dose for this experiment 
was estimated to be 225 rad,® on the basis 
of the whole-body radioactivity. 

The tabulation of relative activity indi- 
cates that for the kidney, during inhalation 


+ Radon in equilibrium with its decay products. 
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of radon, the relative activities of radon 
and active-deposit are 0.27 and 1.93, re- 
spectively. The dose to the kidney is then: 


D=2.10.24X18 (19.20.27+-13.7X1.93) rad 
or D=288 rad 


This estimated dose is small compared to 
that reported for the injection experiment 
(5,200 rad). It is also small compared to 
the x-ray dose (2,000 rad) and the dose of 
Po?! (2,000 rad) required to produce the 
same type of kidney damage.” 

This dose was estimated on the assump- 
tion that the RaB and RaC, the e-emitters, 
were in equilibrium for comparison with 
a radon standard. If the a-activity were due 
entirely to RaC, the dose would be cal- 
culated on the basis of the 7.7 mev a-particle 
but at about twice the activity ratio, since 
the a-activity from RaC in the radon stand- 
ard would represent about one-half the total 
a-activity of the standard. This dose would 
be about 317 rad. Similarly, assuming that 
only RaA and RaB are present and in 
equilibrium, the dose would be about 257 
rad. The true dose is probably between 250 
and 320 rad; the error in use of either of 
these values is less than the over-all ex- 
perimental error. 

It may be noted here also that the B- 
radiation from RaB and RaC, assuming 
an average disintegration energy of 0.8 mev, 
would contribute an additional dose of about 
14 rad (about the same as that contributed 
by radon alone). The dose from y-radia- 
tion would be inconsequential. 


Conclusion 


If the data determined for rats § can be 
correlated with the toxicity and pathology 
data determined for mice, the physical dose 
of a-radiation required from radon and its 
active-deposit to produce extensive renal 
damage is less than that required from 
x-rays or Po; it is also considerably 
less than any value which has been de- 
termined previously for radon decay prod- 
ucts * and might not be the least dose which 
can produce this effect. This dose which 


§ Preliminary data from mice show substantial 
agreement with these rat data. 
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produced renal lesions is also less than the 
dose which is thought to be required for 
the production of lung tumors (2,000 
rad).}8 

The comparison of the dose from active- 
deposit to that from Po?!® might not be 
valid, since with long-lived radioactive ma- 
terials there is always the possibility of 
overestimating the dose. This possibility 
arises from the unknown relationship be- 
tween the rate of dose administration and 
the latency of appearance of the injury. 
Thus, since the organ is continually ir- 
radiated up to (and even after) the time 
of death, one does not know precisely how 
much of the dose was effective in pro- 
ducing the injury. 

Another explanation for the disparity 
between these two types of a-produced 
doses is indicated by the nature of the 
radioactive materials. is always 
present in the -body as a_ particulate; 
whereas radon is present as a chemically 
inert gas. Radon is able to diffuse through 
tissues and may be able to decay to its ac- 
tive-deposit at sites which are inaccessible 
to Po*!®. In this case, only the dose due to 
radon and an equilibrium amount of active- 
deposit should be considered. The excess 
active-deposit present in the tissue must 
have arrived as particulates and hence, 
should be no more effective than Po??. 

In the calculations given above it was 
assumed that the activity in the tissue was 
distributed uniformly throughout the tissue. 
If the activity in a tissue was not uniformly 
distributed, there arises the possibility that 
those parts of the kidney which exhibit 
the most damage also received higher doses 
than did other parts. In this case, the effec- 
tive dose to the kidney might be nearer 
that found for Po?!. 

A nonuniform distribution might also ac- 
count for the large difference required 
between x-ray dose and the dose from the 
active-deposit to produce the same effect. 

Kidney damage following radon injection 
has been suggested as the cause of death 
for the acute exposure.’ This kidney damage 
might also contribute to a shortening of life 
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span for the chronic exposure. Lung tumors 
are not evident at the same dose which 
results in kidney lesions.* Thus it would 
seem that a more realistic approach to the 
problem of the tolerance concentration of 
radon would be one which includes studies 
on other tissues as well as lung. 


Summary 


The a-radiation dose from RaA and RaC’ 
required to produce kidney lesions is about 
290 rad for mice inhaling radon. This dose 
is considerably less than thought necessary 
for other radiations. Reasons are advanced 
for this apparent high effectiveness. of the 
RaA and RaC’ e-particles. 

University of Rochester School of Medicine and 
Dentistry. 
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A Hematological Survey of Industrial Workers 


with Enzyme-Deficient Erythrocytes 


ARYEH SZEINBERG, Ph.D.; AVINOAM ADAM, M.S.; FANNY MYERS, A.1.M.L.T.; CHAIM SHEBA, M.D., 


BRACHA RAMOT, M.D., Tel Hashomer, Israel 


The toxic hemolytic effect of various 
chemical products is well known.?? 
Hemolytic reactions due to phenylhydrazine 
and its derivatives, toluene, benzene, 
trinitrotoluene, naphthalene, aniline, acet- 
anilide, phenacetin, sulfonamides, prima- 
quine, pamaquine, para-aminosalicylic acid, 
methylchloride, allylpropyldisulfide and 
other compounds have been described.** 

Recent investigations revealed an enzy- 
matic abnormality of erythrocytes in certain 
ethnographic groups, leading to a marked 
sensitivity to hemolysis due to various 
drugs and fava beans.*!* The defective 
erythrocytes have a deficiency of glucose- 
6-phosphate dehydrogenase, low levels of 
reduced glutathione (GSH), GSH instabil- 
ity, decreased glycine incorporation rate 
into GSH, and increased levels of gluta- 
thione reductase and aldolase. A_ similar 
glucose-6-phosphate dehydrogenase deficien- 
cy has been detected in the platelets of 
the affected persons.'*1* The abnormality 
is genetically determined and transmitted, 
probably through an incompletely dominant 
sex-linked gene.'* It is very frequent in 
Israel, especially among oriental Jews from 
Kurdistan (about 40% frequency), Iraq 
and Persia (25% frequency), and Yemen 
(about 10% frequency). Only a few cases 
have been so far discovered among the 
Ashkenazic Jews. The same erythrocyte de- 
fect has been detected among Arabs and 
Druses in Israel.1%?° 
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Many industrial workers in this country 
belong to the affected population groups, 
and a possibility of an increased industrial 
hazard was envisaged in view of their 
markedly pronounced susceptibility to he- 
molysis. Accordingly, workers in four types 
of industrial plants were investigated in 
order to establish (1) whether acute 
hemolytic reactions occurred and (2) 
whether signs of mild hemolytic processes 
could be detected among employees with 
normal erythrocytes and those with the 
enzymatic abnormality. 


Methods 


All the hematological examinations were per- 
formed on heparinized venous blood within two 
hours of collection. 


Hemoglobin was estimated by  acid-hematin 
method with a photoelectric colorimeter standard- 
ized by the iron-content method of Wong.” 

The hematocrit was estimated by a micromethod 
with Clay Adams centrifuge (12,000 rpm for 
three minutes). Reticulocytes were counted in wet 
cover-slide preparations brilliant 
cresyl blue. In each case 1,000 erythrocytes were 
counted. Examinations for Heinz bodies were per- 
formed on wet slide preparations consisting of a 
mixture of a small drop of blood with a large 
drop of 0.5% methyl violet in 0.75% saline. The 
icterus index was measured by the method of 
Meulengracht.* 


stained with 


The glutathione stability test was performed by 
the method of Beutler.* Glucose in final concen- 
tration of 400 mg. % was added to the blood at 
the time of collection.” Male subjects with 
glutathione values below 20 mg/100 ml. of red 
blood cells after incubation with acetylphenyl- 
hydrazine were regarded as abnormal or “sensi- 
tive.” 

The influence of various compounds on the blood 
glutathione level was investigated by the same 
method, with substitution of acetylphenylhydrazine 
by various quantities of the compounds tested. 
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TABLE 1.—Composition of the Material According to the Factory Types, Ethnographic 


No. Persons Examined 
Other 
Oriental Jews 


Jews from Iraq & Persia 


Factory 


Type * Normals Sensitive t Normals 


* A indicates textile-dyeing plants; B, pharmaceutical; C, munition; 


t Subjects with glutathione instability 

t Mean values + standard deviation in the normal subjects only. 
At the time of the blood collection fresh 
urine specimen was also obtained and examined 
for urobilinogen and coproporphyrin, which was 
estimated by a slightly modified method of Aske- 
vold.* Twenty random from 
normal healthy subjects showed by this method a 
mean coproporphyrin excretion of 5.3+3.lug. %. 
(Eighteen of these subjects excreted less than 
8ug. %, one excreted &.5ug. % 
15.8ug. %). 


a 


urine specimens 


, and one excreted 


? 


TABLE 


—Findings in Workers with 


Length of 


Factory Type * Age, Yr. Employment,Yr. Hematocrit 


45 


Mean 
8.D. 


* Factory types same as in Table 1. 
+ Examination not performed. 
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Normals 


Denomination, and Erythrocyte Glutathione Instability 


Ashkenazic 


Jews 


Length of 
Employment ¢ 


+ 
+ 


Total Age 
15 
23 


38.2+10.6 
33.9+9.2 
35.7+3.4 
32.147.7 
35.44+9.5 


6.445.2 
3.6+3.4 
4.4+2.5 
3.942.8 
4.6+3.8 


2 
4 


44 


D, rubber tire factory. 


Material 


Male workers in the following types of industrial 
plants were investigated. 

1. Two Textile-Dyeing 
departments using the following compounds were 
aniline dyes, B-naphthol and its sub- 
stitutes, B-oxynaphthoic acid, and sodium nitrite. 


Plants.—Employees in 
examined : 


2. Two Pharmaceutical Factories—Among the 
preparations synthesized or processed in these fac- 


Glutathione Instability of Erythrocytes 


Hemoglobin, Reticulocytes, 


Coproporphyrin, 
per Thousand 


Gm. % 


= 
| 
e A 34 9 29 
4 B 16 2 20 
Cc 12 ll 21 | 46 
D i 3 29 7 
a Total 73 25 99 a 241 
A 4 46 5 23 < 
35 3 48 2 4.5 
40 45 15.4 18 - 
a 31 3 45 13.5 9 8.5 
42 17 44 14.4 6 1.8 
ae 28 6 47 15.6 9 
25 4 465 144 4 4 
31 7 48 14.4 10 
i 30 4 48 15.1 9 3.5 
B 40 1.5 46 14.8 18 4.5 
30 8 52 16.8 9 7.3 s 
Cc 24 3 49 15.8 7 
25 0.1 48 15.4 6 3.7 & 
ae 30 3 47 15.8 8 4.5 B 
aa 32 3 52 16.1 8 4.0 : 
30 3 48 15.2 9 4.0 
29 8 50 15.1 4 4.0 ae 
38 0.5 49 16.0 10 i 
34 7 45 14.9 4.5 
24 3 46 15.3 4 5.5 : 
24 3.5 46 14.6 15 6.4 
i 25 3 45 14.7 27 8.2 
D 34 3 48 14.5 12 - a 
: 34 3 45 14.9 6 7.6 a 
32 2.5 49 16.1 7 4.2 bs 
31.7 4.2 47.3 15.2 
5.9 3.4 2.1 0.9 
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tories the following were included: nitrofurantoin, 
sulfonamides, phenacetin, acetylsalicylic acid, syn- 
thetic vitamin K analogs, p.chloraniline, benzene, 
carbon tetrachloride, carbon disulfide, and toluene. 

3. Munition Plants.—Subjects working with tri- 
nitrotoluene, nitroglycerin, nitrocellulose, and 
chlorates were examined. 

4. Rubber Tire Factory.—Diphenylamine, diphen- 
ylethylenediamine, phenyl-8-naphthylamine,  di- 
phenylguanidine, toluene, trichlorethylene, resor- 
cinol, N nitrosodiphenylamine, and several organic 
compounds containing sulfur were used in the 
departments examined (Table 4). 

In all cases only departments in which the 
workers came into frequent and close contact with 
the compounds listed were examined. Every sub- 
ject was interviewed, and a questionnaire was 
filled out containing the following details: ethno- 
graphic denomination (country and district of 
origin) ; length of the period of employment in 
the factory; age; previous history of hospitaliza- 
tion for anemia, jaundice, hemoglobinuria, and any 
signs of weakness, malaise, etc. In most cases the 
medical officer responsible for health supervision 
in the factory was consulted about occurrence of 
cases of hemolytic anemia or other pertinent 
clinical symptoms. 


Results 


Two hundred forty-one male subjects 
were examined, and among them 25 with 
the erythrocyte enzymatic defect were de- 
tected. All the sensitive subjects were 
oriental Jews from Iraq and Persia. They 
constituted 26% of all examined persons 
originating from these countries (Table 1). 
In a general population survey a similar 
frequency of sensitive subjects among the 
Iraqi and Persian Jews was detected.!” No 
significant differences in the age distribution 
and length of employment were observed 
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between the normal and sensitive subjects 
(Tables 1 and 2). 

Previous History—As far as could be 
established, none of the investigated sub- 
jects had been hospitalized on account of 
hemolytic jaundice or anemia and none had 
complained of symptoms compatible with 
a hemolytic process since the beginning 
of employment in the factory. Several sub- 
jects (six with normal GSH stability and 
four “sensitive’) had jaundice before the 
beginning of employment in the factory, 
but they could not furnish any revelant de- 
tails about the type of illness. The medical 
officers supervising the plants did not ob- 
serve any cases of hemolytic anemia among 
the personnel employed. 

Among the subjects working with tri- 
nitrotoluene, one Iraqi Jew with gluta- 
thione instability showed an _ intolerance 
towards this substance as demonstrated by 
vomiting, bouts of weakness, and malaise. 
His reticulocyte count was 27 per thousand 
and coproporphyrin excretion 8.2ug. per 
thousand. He was consequently transferred 
to another department and has felt well 
since then. 

Laboratory Investigations —The individ- 
ual findings in the sensitive subjects are 
presented in Table 2. 

Urine Examinations.—No cases with in- 
creased urobilinogen excretion were detected 
among the normal or sensitive subjects. 

Only 12 normal and 2 sensitive subjects 
excreted more than 8ug. % coproporphyrin 
(8.4ug.-18.0ug. %). No statistically signifi- 
cant difference was found between copro- 


TABLE 3.—Mean Hemoglobin and Hematocrit Values in Subjects with Normal 


Glutathione Stability 


All Normal Subjects 


Subjects from Iraq & Persia Only 


Factory Type * No. Hematocrit 


44.6434 
46.543.2 


Factories A+B+C only........ 47.043.1 


Hemoglobin, 


Hemoglobin, 


Gm. % No. Hematocrit Gm. % 


15.2+1.0 34 7.92.6 15.2+1.0 
15.6+1.2 16 46.9+2.8 15.7413 
15.5+1.1 12 48.7+3.2 16.1+1.1 
14.54+1.1 ll 45.741.9 14.8+0.7 


15.241.1 73 47.542.6 


15.4+1.1 


15.4+1.1 62 47.8+2.7 15.5+1.3 


* Factory types same as in Table 1. 
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porphyrin excretion by the normal subjects 
in the various plants or between the normal 
and sensitive persons. 

Blood Examinations—No Heinz bodies 
were seen in the blood of any of the sub- 
jects. The reticulocyte count was within 
normal limits (below 20 per thousand) in all 
normal and sensitive persons, with one ex- 
ception of a “sensitive” subject with an 
intolerance toward TNT (reticulocytes 27 
per thousand). The icterus index was nor- 
mal in all the subjects examined. 

In none of the “sensitive” persons did 
the hemoglobin levels and hematocrit differ 
by two standard deviations or more from 
the mean values of all the normal subjects 
or those from Iraq and Persia in the same 
factory. No significant difference was found 
between the mean values for the normal 
and sensitive groups (Tables 2 and 3). 

The analysis of data concerning normal 
subjects revealed that workers in the rubber 
tire factory had lower hemoglobin and 
hematocrit values than those working in 
the other factories. Though the difference 
was small it was statistically significant 
(mean hemoglobin in the rubber factory: 
14.5+1.1 gm. %; in the remaining plants: 
15.4+1.1 gm. %, t=4.9, P<0.001; mean 
hematocrit value in the rubber factory: 
44.6+3.4; in the remaining plants 47.0+3.1, 
t=4.5, P<0.001). 

The age distribution in the rubber plant 
did not differ significantly from that in 
the other factories (Table 1). The lower 
values in that plant could not be explained 
on the basis of different ethnographic 
grouping of the workers, as the analysis 
of the data from the three other factory 
types did not reveal any significant differ- 
ence between the Iraqi-Persian group 
(mean Hb, 15.5; mean hematocrit, 47.8), 
other oriental Jews (mean Hb, 15.1; mean 
hematocrit, 47.2) and the Ashkenazic Jews 
(mean Hb, 15.6; mean hematocrit, 46.3). 


Influence of Various Compounds 
on GSH Stability 


A. Textile-Dyeing Plants—The potent 
activity of B-naphthol and aniline on GSH 


Szeinberg et al. 


stability in sensitive cells has already been 
8-Oxynaphthoic acid influenced 
the GSH level more in sensitive cells than 
in the normal ones (Table 4). 

B. Pharmaceutical Factories —Nitrofur- 
antoin and vitamin K substitutes significantly 
affect GSH stability in erythrocytes of sub- 
jects with a deficiency of glucose-6-phos- 
phate dehydrogenase. Acetylsalicylic acid 
(10 mg. per milliliter) was found to lower 
the GSH in the abnormal cells (though 
usually to less degree than 5 ‘mg. acetyl- 
phenylhydrazine). The various sulfona- 
mides and phenacetin were devoid of such 


Taste 4—In Vitro Influence of Various 
Compounds on GSH Level in 
Erythrocytes 


GSH-Lowering 
Activity t 
Conecen- 
tration, “Sensi- 
tive” 
Blood Blood 


Factory 
Type * 


Normal 
Substance Blood 
#-naphthol 

Aniline 


8-oxynaphtholic acid 


Nitrofurantoin 

Acetylsalicylic acid 

Menadione sodium 
bisulfite 

Phenacetin 

Sulfathiazole, sulfadia- 
zine, sulfamerazine, 
sulfapyridine, sulfa- 
nilamide 


Nitroglycerin 


Trinitrotoluene 
Potassium chlorate 


Tetraethyl thiuram 
disulfide 


Benzothiazy] disulfide 

Mercaptobenzothiazole 

N cyclohexy]-2-benzo- 
thiazole sulfonamide 


Diphenylamine 

Diphenylguanidine 

N nitrosodiphenylguani- 
dine 

Resorcinol 


* Factory type same as in Table 1. 

+t GSH lowering activity: —no drop in GSH level after incuba- 
tion of oxygenated blood with the substance for two hours; plus 
decrease of the GSH level below 20 mg/100 ml. RBC.; plus or 
minus intermediate activity (decrease to 20-40 mg/100 ml. 
RBC), 
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activity in vitro, but it has been proved 
that sulfanilamide, sulfapyridine, and phen- 
acetin may cause hemolytic anemia in sub- 
jects with the enzymatic defect.*® 

C. Munition Plants——Trinitrotoluene in 
the concentrations tested destroyed most of 
the GSH in sensitive cells, no such activity 
being exerted on normal erythrocytes. 
Nitroglycerin and chlorates in lower con- 
centrations caused a severe drop of the 
GSH level in sensitive cells only, while in 
higher concentrations normal cells also were 
affected. 


D. Rubber Factory—Among the com- 
pounds tested several sulfur compounds 
influenced the stability of erythrocyte GSH. 
Tetraethyl thiuram disulfide had the highest 
activity, 0.1 mg. per milliliter of blood 
causing a full drop in GSH level in sensitive 
cells. In order to exert a similar activity 
on GSH in normal cells a concentration of 
5 mg. per milliliter of blood was required. 
Several benzothiazol derivatives lowered 
the GSH in sensitive cells but not in the 
normal ones. 


Comment and Conclusions 


Hemolytic reactions in chemical industries 
constitute a well-known occupational haz- 
ard. They may appear as acute cases of 
hemolysis manifested by marked jaundice, 
hemoglobinuria, and a severe fall in hemo- 
globin level and erythrocyte count or as a 
subclinical chronic process in which an in- 
creased reticulocyte count, formation of 
Heinz bodies, and increased urobilinogen 
excretion constitute the main laboratory 
findings. 

Investigations of subjects with erythro- 
cyte glucose-6-phosphate dehydrogenase 
deficiency showed that the hemolytic reac- 
tion due to primaquine is self-limited. The 
hemolytic stage is followed by a refractory 
period when additional drug administration 
does not cause any visible blood destruc- 
tion. This resistance to hemolysis is prob- 
ably caused by the appearance in the 
circulation of a young red blood cell pop- 
ulation, having a higher level of glucose-6- 
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phosphate 
refractory period the cells become sensitive 
to hemolysis by the same drug, proving 
that no permanent resistance is formed.?*?¢ 


dehydrogenase. After the 


All the hemolytic reactions due to chem- 
icals so far described in subjects with the 
defective erythrocytes were caused by in- 
gestion of the noxious agent. However, 
many industrial poisons, particularly aro- 
matic nitro and amino derivatives causing 
methemoglobinemia are readily absorbed 
through the skin or by the inhalation of 
the powders.! 


These facts led to a supposition that 
under certain industrial conditions hemoly- 
sis may develop with increased frequency 
among factory employees with the enzymatic 
abnormality, in the form of acute, massive 
destruction of erythrocytes or in the form 
of recurrent incidences of slight hemolysis, 
followed by appearance of young cells. 
However, in the present investigation no 
proof of an increased industrial hazard 
to such subjects has been found. The fact 
that the only person responding unfavorably 
to the work with TNT had the erythrocyte 
defect might be a chance association only 
and may not be regarded at present as 
statistically significant. Many such cases 
have been described in countries where this 
enzymatic abnormality of erythrocytes is 
probably absent (ie., England, Ger- 
many ).27,28 

Admittedly, the number of cases investi- 
gated was small, including only a_ few 
“sensitive” subjects in each factory. No 
broad generalizations were thus possible be- 
yond the conclusion that, under the prevail- 
ing conditions, no evidence was found of 
an increased incidence of hemolytic reac- 
tions among persons with the enzymatic 
defect, though they worked in departments 
processing substances which affect gluta- 
thione stability or are known to cause 
hemolytic reactions with Heinz bodies for- 
mation. 

The finding of a similar percentage of 
“sensitive” subjects among the Iraqi-Persian 
group in the factories and in the general 
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population points also to the absence of 
selective factors in such plants, which 
would probably exist if the working condi- 
tions were particularly detrimental to the 
persons with the enzymatic defect. 

These conclusions do not preclude the 
possibility that under other working condi- 
tions different findings would be obtained 
or that accidental exposure to a particularly 
large quantity of some of the compounds 
involved would cause a hemolytic reaction 
in a sensitive subject. For instance, Hughes 
and Treon reported clinical methemoglobi- 
nemia in four white workers after a heavy 
accidental exposure to an aniline compound, 
while in the same industrial plant no similar 
occurrences were reported in the course of 
normal plant operation and no clinical or 
laboratory signs of injury were detected in 
a survey of 36 workers regularly employed 
in the same factory.** 

It is felt that surveys similar to the one 
presently reported by us should be under- 
taken also in other countries with popula- 
tion groups containing many subjects with 
the glucose-6-phosphate dehydrogenase de- 
ficiency (Negroes in the United States, 
Sardinians in Italy) in order to define more 
closely the degree of the industrial hazard 
in the chemical plants processing substances 
which affect the glutathione stability and in 
order to decide whether a preselection of 
workers for employment in such factories 
is indicated. 

The corollary findings of lowered hemo- 
globin and hematocrit values among the 
normal workers of the rubber tire factory 
(not possessing the erythrocyte abnormality) 
are at present unexplained. No laboratory 
signs of increased blood destruction or ab- 
normal blood formation were detected in 
these workers. They did not differ signifi- 
cantly in age distribution or wages from 
the employees in the other factories investi- 
gated. No dietary differences seemed to be 
implicated, as the comparison between 
various ethnographic groups (each with its 
own dietary habits) did not reveal signifi- 
cant deviations in hemoglobin levels or 
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hematocrit values between the Ashkenazic 
Jews, those from Iraq and Persia, and 
other oriental Jews. A similar survey is 
planned now in another rubber plant in 
order to elucidate whether this finding is 
connected with some at present unknown 
local condition or with the type of plant. 


Summary 


A hematological survey in several chem- 
ical factories processing compounds affect- 
ing glutathione stability in erythrocytes 
with a deficiency of glucose-6-phosphate 
dehydrogenase is presented. No proofs of 
an increased hemolytic hazard were found 
on examination of 25 workers with this 
erythrocyte enzymatic abnormality in four 
types of factories (textile-dyeing, pharma- 
ceutical, munition, and rubber tire factory). 

Results of glutathione stability test with 
some of the compounds used in these fac- 
tories are presented. 


The help and cooperation of Dr. Maria Chwat, 


Industrial Division of Workers Sick Fund, is 
acknowledged. 
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and Potential Dangers 


W. F. von OETTINGEN, M.D., Ph.D., Bethesda, Md. 


Formic Acid and Esters: Formic Acid 


Chemistry —Formic acid, methanoic acid, 
HCOOH, is a colorless liquid of pungent odor, of 
the molecular weight 46.03 and of the specific 
gravity 1.220 at 20/4 C. It solidifies at 0 C, melts 
at 8.40 C, and boils at 100.8 C. It is miscible with 
water, alcohol, ether and glycerol.* The salts of 
formic acid are generally well soluble in water, ex- 
cept lead formate which is soluble with difficulty, 
and calcium formate which is soluble to the ex- 
tent of 14.66 gm. in 100 gm. of water at 40 C 
(Seidell, 1919). 

With an excess of lead acetate, formic acid forms 
a double salt of lead acetate and lead formate which 
is easily soluble in water but insoluble in alcohol. 
Zinc formate also 
(Rosenthaler, 1923). 

Formic acid is easily oxidized to carbon dioxide 
and water, and when heated with sulfuric acid it 
is decomposed with the 
monoxide. 


insoluble alcohol 


formation of carbon 


It reduces silver nitrate to silver, mercuric 
chloride to mercurous chloride, and gold chloride 
and platinum chloride to gold and_ platinum. 
Nascent hydrogen reduces fromic acid to form- 
aldehyde. 

As the aldehyde of carbonic acid, formic acid 
yields colored compounds with various phenols in 
sulfuric acid solution. Thus phenol gives a yellow- 
pink color, resorcinol a golden-yellow, o-cresol a 
pinkish-yellow, and pyrogallol a brownish-yellow 
color (Fenton and Barr, 1917; Krauss and Tampke, 
1921; Ekkert, 1933). 

Formic acid gives with ferric chloride a blue- 
red color, and, when heated, a precipitate of basic 
iron salt (Smith, 1921). 


Received for publication June 15, 1959. 
Laboratory of Pharmacology and Toxicology; 
National Institute of Arthritis and Metabolic 


Diseases; National Institutes of Health; US. 


Department of Health, Education, and Welfare, 
Public Health Service. 

* Unless otherwise stated. data on the physical- 
chemical properties of the various chemicals are 
quoted from Lange’s Handbook of Chemistry, Ed. 
9, 1956, or The Merck Index, 1952. 


The Aliphatic Acids and Their Esters—Toxicity 


The Saturated Monobasic Aliphatic 


Acids and Their Esters 


Occurrence and Uses.—Formic acid is 
used as decalcifier, reducing agent in dying 
wool-fast colors, in dehairing and plumping 
of hides, in tanning, for sizes, in electro- 
plating, for coagulation of rubber latex, and 
as aid in regeneration of old rubber. It oc- 
curs in many plant and animal poisons and 
is partly responsible for their irritant effect. 
Small quantities of formic acid are normally 
excreted with the human urine, as demon- 
strated by Gréhant and Quinquaud (1887), 
Dakin and Wakeman (1911), Dakin, Jan- 


ney, and Wakeman (1913), Strisower 
(1913), and Kapeller-Adler and Lauda 
(1933). 


Determination in Air.—Flury and Zernik 
(1931) suggested that formic acid be de- 
termined by passing a measured volume of 
the contaminated air through an absorber 
containing 0.1 N sodium hydroxide solution 
and back-titrating the alkali. According to 
Snell and Snell (1937) the formate content 
of such solutions can be determined colori- 
metrically with fuchsin reagent after reduc- 
tion of formic acid to formaldehyde by 
means of mercuric chloride, which is re- 
duced to mercurous chloride (calomel) by 
formic acid. 

Determination of Formic Acid in Bio- 
logical Material_—Gréhant and Quinquaud 
(1887) determined formic acid in urine by 
distilling the acidulated urine in vacuo and 
neutralizing the distillate. After evaporation 
of the latter to a small volume, the formate 
is decomposed with sulfuric acid with the 
formation of carbon monoxide, the amount 
of which is then determined. Pirie (1946) 
steam-distilled the acidulated urine into a 
solution of sodium hydroxide, oxidized the 
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formate to carbon dioxide, and determined 
the latter manometrically in a van Slyke 
apparatus. Kapeller-Adler and Lauda 
(1933) separated formic acid by vacuum 
distillation, oxidized the formate with po- 
tassium permanganate, destroyed the excess 
of the latter with a measured amount of 
oxalic acid, and back-titrated the excess of 
the latter with N/10 potassium perman- 
ganate solution. Dakin, Janney and Wake- 
man (1913) extracted the acidulated urine 
with ether, neutralized the extracted acid 
with alkali, and, after acidification of the 
latter with phosphoric acid, separated the 
formic acid by steam-distillation. They de- 
termined the formic acid by oxidation with 
mercuric chloride, and measured the amount 
of calomel formed gravimetrically. Modifi- 
cations of this procedure were used by 
Riesser (1896), Autenrieth (1919), Bene- 
dict and Harrop (1922), Utkin-Ljubozoff 
(1923), and Bastrup (1947, a). The two 
latter determined the amount of mercurous 
chloride formed iodometrically. 

For the determination of formic acid in 
blood, De Eds (1924) hemolyzed the blood 
sample with distilled water, precipitated the 
proteins with trinitrophenol, and determined 
the formic acid in the filtrate by means of 
mercuric chloride, determining the amount 
of mercurous chloride formed iodometri- 
cally. Droller (1932) reduced the protein- 
and sugar-free blood filtrate with metallic 
magnesium, and determined the amount of 
formaldehyde formed colorimetrically with 
acid fuchsin. A similar procedure was ad- 
vocated by Ballotta (1936), who identified 
the formaldehyde by the violet color formed 
upon addition of a solution of morphine in 
concentrated sulfuric acid. 

Antiseptic Properties—As shown by 
Schulz (1885), formic acid has antiseptic 
properties superior to other fatty acids. 
According to Lebbin (1906) concentrations 
of 0.10% to 0.15% are sufficient for the 
preservation of food stuffs. Fleig (1907) 
stated that concentrations of 60 mg. per 
liter prevent the growth of Bacillus pyocya- 
neous and Bacillus anthracis and that the 
organism of chicken cholera is very sensi- 
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tive to a trace. As shown by Croner and 
Seligmann (1907), concentrations of 0.1% 
do not interfere with the fermentation of 
yeast, but concentrations of 0.2% prevent 
both growth and fermentation. In the opin- 
ion of Bach (1932) formic acid is a potent 
antiseptic having sterilizing properties even 
in concentrations of 1:50,000 to 1:106,000, 
and in some instances even in concentra- 
tions of 1:1,000,000, the antiseptic action 
being due to the un-ionized molecule. Leb- 
bin (1906) and Weingarten (1932) saw no 
objections to the use of formates for the 
preservation of foods, but they are not used 
for this purpose. 

Irritant Action.—Formic acid causes def- 
inite irritation. Its application to the shaved 
skin of rabbits has resulted in the destruc- 
tion of the cutis and in corrosion (Schulz, 
1883). According to Oettel (1936) its con- 
tact with the human skin causes moderate 
pungent pain, some erythema, and hyper- 
emia; later the skin assumes a cooked 
appearance, and after 24 hours parchment- 
like necroses with a slow tendency to heal. 
As indicated by the experiments of Mayer 
(1886), Fleig (1907), and others with 
various experimental animals, the oral ad- 
ministration of formic acid, as well as of 
formate, causes irritation of the gastroin- 
testinal tract resulting in vomiting and 
diarrhea. Croner and Seligmann (1907) 
found that in rabbits oral doses of 2 ce. 
of 5.7% and 10% solutions of formic acid 
cause irritation and corrosion of the gastric 
walls. 

Absorption, Fate and Excretion —The 
absorption of formic acid may take place 
from the gastrointestinal tract, through the 
lungs, and as shown by Schulz (1883), 
through the intact skin, and also from the 
urinary bladder (Lund, 1948, 5). 

As to the fate of formic acid in the or- 
ganism, it appears that it is partly oxidized 
in the organism and partly excreted un- 
changed with the urine. The amounts iso- 
lated from dogs’ urine after oral doses of 
20, 5, and 1 gm., respectively, have been 
given by Schotten (1883) as 26%, by 
Gréhant and Quinquaud (1887) as 65% 
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and by Eppinger (1913) as 8% to 9%. 
The latter stated that in rabbits the urinary 
excretion was 14.2% to 19.3% after doses 
of 1 gm. per kilogram. Similarly Bastrup 
(1947, b) and Lund (1948, a) found that 
rabbits may oxidize large amounts of for- 
mic acid. With intravenous administration 
of 4 gm. of sodium formate in 20 ce. of 
water to dogs, Gréhant and Quinquaud 
(1887) found that 55% of the sodium for- 
mate is excreted unchanged within the first 
48 hours. Pohl (1893) found that in dogs 
small doses (0.143 gm. per kilogram) are 
completely oxidized, whereas larger doses 
are partly excreted unchanged. In man 
Autenrieth (1919) found that, of 20 gm. 
of sodium formate taken over a period of 
two days, 18% was excreted undecom- 
posed, and, according to Weingarten (1932), 
25% to 50% was excreted unchanged after 
intravenous injection of 4 gm. of sodium 
formate in 20% solution. It appears, there- 
fore, obvious that the amount of unchanged 
formate excreted with the urine will be 
influenced by other factors than the dose, 
such as the amount of food and fecal ma- 
terial in the intestinal tract at the time of 
the oral administration, the concentration 
in which the formate is given, and, in the 
case of intravenous administration, with the 
rate of the injection, as pointed out by 
Fleig (1907). In addition, it appears that 
some formic acid excreted with the urine 
may escape the determination because of 
reabsorption from the urinary bladder, as 
demonstrated by Lund (1948, }). 

As to the site of oxidation of formic 
acid, Battelli (1904) showed that liver ex- 
tract oxidizes formate to carbon dioxide 
and water in the presence of hydrogen 
peroxide, and Fleig (1907) demonstrated 
that extracts of intestinal mucosa, spleen, 
kidney, lungs, and blood oxidize a certain 
amount of formate under similar condi- 
tions. The same author points out that 
Popoff (1875) and Hoppe-Seyler (1876) 
had shown that certain bacteria may de- 
stroy formic acid with the formation of 
carbon dioxide and water. It appears, 
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therefore, that with oral administration part 
of the formic acid administered may be de- 
stroyed in the gastrointestinal tract. 

The Effect on the Nervous System.— 
Mayer (1886) reported that in rabbits the 
intravenous injections of 0.46, 0.61, 0.82, 
and 1.25 gm. per kilogram of formic acid, 
given as 8% and 10% neutralized solution, 
caused distinct depression of the central 
nervous system, and that larger doses 
caused convulsions, some animals being 
more resistant than others. In dogs the 
subcutaneous injection of 0.8 gm. per kilo- 
gram of sodium formate caused staggering 
gait and weakness lasting 24 hours. The 
subcutaneous injection of 0.4 gm. per kilo- 
gram caused in cats somnolence, and larger 
doses staggering, and finally death in about 
three hours. Similar results in rabbits 
were reported by Croner and Seligmann 
(1907). Leo (1925) noted in mice paral- 
yses, slowed respiration, dyspnea, and 
death after rectal administration of 1 ce. 
of a 2.5% solution of formic acid, corre- 
sponding doses of acetic acid having no 
effect. He found that the administration 
of formates had qualitatively the same ef- 
fect, the toxicological picture being, how- 
ever, more protracted and lasting several 
days. These animals showed a slow dysp- 
neic respiration, disappearance of the audi- 
tory reflexes without involvement of the 
spinal reflexes, and coma. Following intra- 
venous fatal doses, Fleig (1907) observed 
in dogs and rabbits clonic and less often 
tonic convulsions, progressive dyspnea, and 
paralysis of the medulla. The stimulation 
of the respiration after intravenous admin- 
istration of formic acid is of acidotic nature. 

Effect on the Circulation—With regard 
to the effect of formic acid on the heart, 
Livierato (1906) found that the adminis- 


tration of formic acid causes injury of the 
myocardium, the intensity of which in- 
creases with the dose. This is characterized 


by a moderate primary increase and subse- 
quent progressive decrease of the systole, 
slowing of the heart beat, irregularities of 
the contraction, arrhythmias, and diastolic 
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arrest. He found that with adequate doses 
formates produce the same effect as formic 
acid. Sammartino (1933, a) studied the 
effect on the isolated frog heart, and found 
that concentrations of 1:1,000,000 cause a 
slight increase of the amplitude and the 
heart beat. With concentrations of 1:500,- 
000 this stimulant effect is less marked, and 
with 1:100,000 there is some slowing and 
some decrease in amplitude. With ten times 
this concentration these effects become more 
marked; the arrest occurs promptly, and is 
irreversible. He considered formic acid 
seven times more toxic than formaldehyde, 
and 187 times more toxic than methanol 
in this respect. 

With regard to the effect of formic acid 
on the blood vessels, Fleig (1907) found 
that the intravenous injection of formic 
acid causes immediate vasoconstriction, 
whereas sodium formate causes vasodilata- 
tion in liver, brain, and kidneys, paralleled 
by a vasoconstriction in the limbs. Sam- 
martino (1933, b) studied the vascular ef- 
fects of formic acid in the hind leg of 
the frog using the Lawen-Trendlenburg 
technique and found that concentrations of 
1:1,000,000 caused slight vasodilatation, 
1:500,000 vasoconstriction 1:1,000 
complete blocking of the circulation. 

As pointed out by Fleig (1907), the in- 
travenous injection of formic acid is fol- 
lowed by a rise of the blood pressure 
during the period of vascular constriction, 
but larger doses have a hypotensive effect. 

As to the effect of formic acid on the 
blood, Fleig (1907) showed that in suffi- 
cient concentrations both the free acid and 
its salts delay the clotting of blood, pre- 
sumably because of formation of calcium 
formate ; and that formates cause formation 
of methemoglobin. This was also noted by 
Croner and Seligmann (1907) in rabbits 
after the repeated injection of 0.5 cc. of a 
2% solution of formic acid. 

Effect on the Digestive and Secretory 
Organs.—According to Fleig (1907), for- 
mic acid stimulates the gastric secretion and 
the peristaltic activity of the intestine, and 
favors the absorption of peptone from the 
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gut. As shown by Schulz (1883) and Leb- 
bin (1906), the administration of single 
large doses, or the repeated administration 
of small doses of formates, will cause in- 
jury of the kidneys. According to Eppinger 
(1913), rabbits appear to be more sensitive 
than other animals, and in this species the 
diet influences considerably the toxic action 
in that animals fed exclusively oats are 
more susceptible than those fed green food. 
The question whether the diuretic action is 
due to vasodilatation as assumed by Fleig 
(1907), or due to osmotic changes, appears 
to be open to discussion. 

Toxicity for Laboratory Animals.—Fleig 
(1907) showed that oral doses of 4 gm. per 
kilogram of formic acid are fatal to dogs, 
and slightly larger doses fatal to rabbits; 
the symptoms being repeated vomiting in 
dogs, and in dogs and rabbits clonic con- 
vulsions and progressive dyspnea, death 
being due to respiratory paralysis. The 
same author found that with slow intrave- 
nous injection 3 gm. per kilogram are fatal 
to dogs, whereas Sammartino (1933) gave 
the fatal dose as 0.239 gm. per kilogram 
for rabbits. The difference between these 
findings is presumably due to differences 
in the rate of injection and the concentra- 
tion used, and, to a lesser degree, to differ- 
ences in susceptibility between the two 
species.. The chronic toxicity of formic acid 
was studied by Sollmann (1921), who 
found that concentrations of 0.01% to 
0.25% in drinking water, corresponding to 
0.2 cc. per kilogram of free acid, had no 
toxic effect on growing rats over a period 
of two to four months, whereas with 0.5% 
solutions, corresponding to 0.36 cc. per 
kilogram of free acid daily, appetite and 
growth were materially, immediately, and 
progressively diminished. 

According to Harnack (1912), the tox- 
icity of formic acid is due to its peculiar 
position among the aliphatic acids, in that 
it may act by its carboxylic group * or its 


* OH 
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aldehydic group,} its marked reducing ac- 
tion being due to its aldehydic character. 
In equimolecular doses it is more toxic 
than its higher homologues, acetic and 
propionic acid. 

Toxicity for Man.—According to Lebbin 
(1906), daily ingestion of 0.5 gm. of for- 
mic acid in the form of lemonade over a 
period of four weeks caused no toxic ef- 
fects, and Weingarten (1932) stated that 
human subjects can tolerate intravenous in- 
jections of 20 cc. of a 20% solution of 
sodium formate (equal to 4 gm.) without 
untoward subjective and objective effects. 
On the other hand, Stern (1906) stated 
that larger doses of formate (2 to 3 gm.) 
several times daily may cause vertigo, 
nausea, vomiting, albuminuria, hematuria, 
tenesmus, dyspnea, and lowering of the 
body temperature. Similarly, Eppinger 
(1913) reported that ingestion of 3 to 4 
gm. of sodium formate caused in one out 
of three human subjects albuminuria, and, 
24 hours later, hematuria which cleared up 
after five days. 

Severe and fatal poisoning from the in- 
gestion of formic acid are not exceptional, 
and such cases were reported by Lutz 
(1913), Schneider (1928, a & b), Karuna- 
karan and Pillai (1944), and Holzer 
(1952-54). The clinical picture is charac- 
terized by salivation, vomiting, burning 
sensation in mouth and pharynx, bloody 
vomiting, diarrhea, and agonizing pain. In 
severe poisoning the patient suffers from 
shock, his pulse becomes rapid and _ soft, 
the skin cold and clammy, and the blood 
pressure drops; later he may develop re- 
spiratory embarrassment and cyanosis, and 
die within 48 hours. He may develop albu- 
minuria with casts, hematuria, and subse- 
quently anuria, and may die from uremia, 
circulatory failure, or pneumonia. 
formic acid 
was reported by Lutz (1913), and Koisoroy 
and Petrov (1934). 


Industrial poisoning from 


The former reported 


OH 
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on a worker who had suffered splashes of 
hot formic acid in his face, which reddened 
immediately ; he developed marked dyspnea, 
difficulties in swallowing, and inability to 
speak, and died six hours later. According 
to Koisorov and Petrov (1934) exposure 
to the vapors of formic acid or the dust 
of formates may cause pallor, hyperemia of 
conjunctiva and sclera, and gastrointestinal 
disturbances simulating in two instances 
gastric ulcers. 

As mentioned by Prosser White (1934), 
contact of the skin with formic acid will 
cause burns with blisters, and, in many 
instances, keloid formation at the site of 
the burn. Maschka (1881) observed black- 
brown acid burns around the face and 
mouth of an infant which presumably were 
produced postmortally by bites of ants and 
due to formic acid. 

Prophylactic Measures.—Because of its 
corrosive action, contact of the skin with 
formic acid should be avoided. Contamina- 
tion of the air with vapors of formic acid 
or dust of formates should be controlled by 
proper ventilation. 

Treatment of Formic Acid Injuries.— 
Formic acid burns should be treated by 
rinsing with ample amounts of water, the 
application of lime water, and covering 
with a sterile dressing. Poisoning from the 
ingestion of formic acid should be treated 
by neutralizing the gastric contents by the 
administration of limewater, gastric lavage, 
and the administration of demulcents. Spe- 
cial attention should be paid to the kidney 
function, and adequate diuresis should be 
maintained by administration of fluids. The 
irritation of the respiratory tract following 
inhalation of formic acid vapors may be 
alleviated by inhalation of a mist prepared 
from a 5% solution of sodium bicarbonate. 

Pathological Changes in Formic Acid 
Poisoning.—As reported by Lutz (1913) 
and Schneider (1928, a & 6), the patho- 
logical changes after ingestion of formic 
acid are similar to those produced by other 
corrosive acids. The tongue, palate, phar- 
ynx, and esophagus are hyperemic, mark- 
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edly swollen, and covered with necrotic 
spots. The stomach may contain bloody 
material, its walls may be edematous with 
numerous necrotic areas, or it may be dry 
and brittle. Similar but less severe changes 
may be seen in the jejunum. The liver may 
contain hemosiderin deposits and the kid- 
neys are hyperemic; they may contain 
hemorrhages and present the picture of 
nephritis. The larynx and trachea may be 
edematous and inflamed with hemorrhages, 
and there may exist bronchitis or pneu- 
monia. 


Methyl Formate 


Chemistry—Methyl formate, HCOOCHs, has 
the molecular weight 60.05; it is a colorless flam- 
mable liquid of ethereal odor which boils at 31.8 C 
and is solid below —99.0 C. Its specific gravity is 
0.974 at 20.4 C, and it is soluble in water to the 
extent of 30 parts per 100 at 20 C, miscible with 
ethanol, and soluble in methanol. Its flash point is 
—2 F (—18.89 C) (closed cup), and its lower ex- 
plosive limit is 5% and the upper 22.7%. The 
autoignition temperature is 840 F (448.89 C), and 
its vapor density is 2.07 (air=1). 

Uses—Methyl formate is used to some extent as 
larvicide and fumigant; it is a good solvent for 
fats, oils, fatty acids, acetyl cellulose, collodion, 
and celluloid (Gnamm, 1943). 

Insecticidal Action—According to Jones (1938) 
methyl formate is less toxic for the red flour 
beetle (Tribolium castaneum) than methyl 
bromide, but the toxicity may be considerably in- 
creased by the addition of carbon dioxide. Ac- 
cording to David (1944) it may have some value 
as a fumigant for the destruction of body lice in 
garments. 

Determination in Air.—Schrenk and associates 
(1936) determined the concentration of methyl 
formate in air by passing a measured volume of 
the contaminated air through air-equilibrated acti- 
vated charcoal, and determining the gain in weight 
of the latter. In this case it is, however, neces- 
sary to modify the customary absorption train by 
removal of the soda lime, since the latter will 
cause hydrolysis of the methyl ester. Methyl for- 
mate can also be determined by adsorption on 
silica gel, subsequent hydrolysis with alkali, and 
determining either the formic acid or the 
methanol formed in this way. 

Determination in Biological Materials ——Gettler 
(1940) determined methyl formate in various 
organs by distilling the ground tissue, hydrolyzing 
the distillate, and determining the amount of 
methanol formed. 
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Absorption, Fate, Distribution, and Ex- 
cretion—Methyl formate is absorbed 
through the lungs, from the gastrointestinal 
tract, and, evidently, also through the skin 
(Gettler, 1940). As shown by this author, 
considerable amounts may be stored in the 
brain and smaller quantities in the liver. 
According to Ciaranfi (1941), the oxygen 
consumption of slices of liver, kidney, stri- 
ated muscle, spleen, cortex of the brain, 
Rous sarcoma, chicken lympho-sarcoma, 
and Ehrlich’s adenosarcoma is considerably 
increased by methyl formate but not by 
sodium formate. He showed that only the 
formic acid fraction of methyl formate is 
oxidized by liver and striated muscle but 
not by kidney slices, whereas the methanol 
fraction remains intact. The relation be- 
tween the amount of carbon dioxide 
formed by oxidation of methyl formate, 
and the amount of oxygen used simulta- 
neously, was 2:1, indicating that the formic 
acid of the ester molecule is completely 
oxidized. According to Duquenois and 
Revel (1935), methyl formate may be pres- 
ent in small quantities in the blood of 
animals killed by inhalation of its vapors. 

Toxicity for Laboratory Animals.— 
Weber (1902) found that in rabbits methyl 
formate has irritant and narcotic properties 
causing in sufficient concentrations deep 
narcosis, marked dyspnea, convulsions with 
opisthotonus and trismus, and finally coma 
and death. Flury and Neumann (1927) 
made similar studies with cats, and Nuck- 
olls (1933) and Schrenk, Yant, Chorynak, 
and Patty (1936) with guinea pigs, which 
are summarized in Table 1. Duquenois and 
Revel (1935) made similar observations, 
and reported that frogs exposed to air sat- 
urated with methyl formate vapors devel- 
oped nystagmus, miosis, irritation of the 
eyes, forced respiration, incoordination, 
progressive depression, and death, the heart 
stopped in diastole and death was _fol- 
lowed by rapid onset of rigor. It appears, 
as stated by Schrenk and associates (1936), 
that concentrations of 50,000 p.p.m. are 
fatal within 20 to 35 minutes, that 15,000 
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TOXICITY OF FORMIC ACID AND ITS ESTERS 
TABLE 1.—Effect of Inhalation of Methyl Formate Vapors on Laboratory Animals 


Concentration 


——————. Duration, 
Mg/L. P.p.m. Min. 


Symptoms Author 


A. Cats 
10,200 Marked irritation of eyes and nose; no signs of paralysis. Flury and Neuman (1927) 
10,200 After 90 min. ataxia, after 105 min. beginning narcosis; 
after 120-180 min. pulmon. edema and death. 
5,916 i After 50 min. irritation of eyes and nose, staggering, after 
60 min. fatal pneumonia in some animals. 


B. Guinea Pigs 
Intense irritation of eyes and nose. 


9,000-10,000 Nuckolls (1933) 
Beginning narcosis, severe lacrimation, no fatalities during 
or after exposure. 


All animals became stuporous, intense irritation of skin 
and mucosae, recovery within 10 min. No death. 
49-61.4 — 20,000-25,000 Intense irritation of eyes and nose, dyspnea, cough, begin- 
ning narcosis, recovery after 10 min., No death. 


The same symptoms more marked; recovery after 10 min.; 
no death. 


3g of animals died during exposure, ‘4 recovered very 
slowly 


All animals in stupor, tremors, some died within 18 hours 
after exposure, 2 recovered very slowly. 


Fatal to all animals in 20-30 min. Schrenk et al. (1936) 
Fatal to all animals, dangerous in 30-60 min. 
Nasal irritation, lacrimation. 
The same + retching. 

120-135 Incoordination. 

120-150 Narcosis, death in 150-175 min. 

480 Irritation of eyes & nose, retching. 


Moderate nasal irritation. 


to 25,000 p.p.m. are dangerous to life in 
30 to 60 minutes, that 5,000 p.p.m. is the 
maximum amount which can be tolerated 
for 60 minutes without serious disturb- 
ances, and that the maximum concentration 
which can be tolerated for several hours 
without serious disturbances is 1,500 to 
2,000 p.p.m. From experiments reported 
by Gross (1938) it appears that methyl 
formate is a cumulative poison. 
Pathological Changes Observed in Labo- 
ratory Animals.—The most outstanding 
patholgical findings in animals exposed to 
methyl formate refer to the lungs. As re- 
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ported by Schrenk and associates (1936) 
these may show with high concentrations 
(50,000 and 25,000 p.p.m.) intense ‘conges- 
tion, emphysema, and edema; and _ there 
may be hemorrhages, as_ reported by 
Nuckolls (1933). Liver, kidney, and ad- 
renal cortex, as well as the meningeal 
vessels, are hyperemic, and, according to 
Duquenois and Revel (1935), there is a 
rapid onset of rigor mortis. According to 
Gross (1938), the subcutaneous injection 
of 0.5 cc. per kilogram causes tissue 
necrosis. Fuhner and Neubauer (1907) 
determined the minimal hemolytic concen- 
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tration for bovine erythrocytes as 8.80 
gm. % (1.47 mol/1.). 

Toxicity for Man—According to 
Schrenk and associates (1936), inhalation 
of a concentration of 1,500 p.p.m. (3.68 
mg/l.) of methyl formate for one minute 
causes no signs of irritation, but as pointed 
out by Flury and Wirth (1936) higher con- 
centrations are very irritant, and, if re- 
peated, may lead to convulsions and death. 
According to Duquenois and Revel (1935) 
workers exposed to the vapors of a solvent 
containing 30% of methyl formate, in ad- 
dition to ethyl formate and methyl and 
ethyl acetate, complained about irritation of 
the mucous membranes, oppression in the 
chest, and dyspnea of varying intensity. 
Some felt exhilarated, others depressed, 
and some suffered from temporary loss of 
memory. Several complained about visual 
disturbances which disappeared after dis- 
continuation of the exposure. One patient, 
however, developed optic injury and_be- 
came completely blind, but recovered after 
about two weeks following venesection, 
blood transfusions and spinal puncture. 

Gettler (1940) reported a fatal case of 
methyl formate poisoning in a nineteen- 
month-old child whose scalp had been treat- 
ed with a parasiticide, evidently containing 
methyl formate, and subsequently covered 
for 20 minutes with a rubber cap. When 
the latter was removed the child collapsed, 
became cyanotic, and breathed slowly. 
Upon administration of stimulants there 
was a temporary improvement, but later the 
child became more and more depressed, the 
reflexes became negative, and it died from 
cardiac arrest. Brain, lungs, liver, kidneys, 
and spleen were found highly congested. 

Precautionary M easures.—F rom the fore- 
going it is apparent that methyl formate 
is a highly toxic material which should be 
handled with adequate precaution. Contact 
of the skin should be avoided, and the 
concentration of its vapors in air should 
be controlled by proper ventilation. Ac- 
cording to the Conference of Governmental 
Industrial Hygienists (1955), the maxi- 
mum acceptable concentration of methyl 
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formate in air is 100 p.p.m. Premises 
contaminated with methyl formate should 
only be entered with masks which allow in- 
halation of uncontaminated air, and with 
goggles to protect the eyes from irritant 
vapors. 

Treatment of Poisoning.—In the treat- 
ment of methyl formate poisoning prompt 
discontinuation of exposure is of para- 
mount importance. The contaminated skin 
should be washed with soap and water. In 
case the ester is inhaled, the patient should 
be removed to fresh air, and after heavy 
exposure kept at rest. The irritation of 
the respiratory tract may be reduced by 
inhalation of a mist from a 5% solution of 
sodium bicarbonate, and the patient should 
be watched for the development of pulmo- 
nary edema. In case this should become 
manifest, oxygen should be administered 
against a pressure of 3 to 4 cm. of water, 
and in severe cases venesection may become 
necessary. In case the central nervous sys- 
tem is involved, spinal puncture may 
alleviate the symptoms. Otherwise the treat- 
ment has to be symptomatic and supportive. 


Ethyl Formate 


Chemistry.—Ethyl formate, HCOOC.Hs, formic 
acid ethyl ester, has the molecular weight 74.08, 
and is a colorless liquid of aromatic odor which 
has the specific gravity 0.923 at 20/4 C. It is solid 
below —79.4 C and boils at 54.2 C. It is soluble in 
water to the extent of 11 parts per 100 parts at 
18 C, and miscible with alcohol and ether. Its flash 
point is —4 F (—20 C) (closed cup method) and 
10 F (—12.22 C) (open cup method). The lower 
explosive limit is 3.5% and the upper 16.5%. 

Uses——Ethy] formate is used as a flavoring agent 
for lemonades and essences, and for the manu- 
facture of artificial rum and arrack. It is a good 
solvent for oils and fats, nitrocellulose, and cellu- 
lose acetate, and, to a lesser degree, for waxes. It 
is used as a fungicide and larvicide for tobacco, 
cereals, and dry fruits, and it is also used in 
organic synthesis. (Merck Index, 1952; Durrans, 
1944; Gnamm, 1943; Simmons and Fischer, 1945). 

Determination in Air and Biological Material.— 
Ethyl formate may be determined in air and 
biological specimens by the same procedures as 
mentioned under methyl formate. 


Absorption, Fate and Excretion —FEthyl 
formate is absorbed through the lungs and 
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from the gastrointestinal tract, but it is 
questionable whether and to what extent it 
is absorbed through the skin. Its fate in 
the organism and its excretion have 
evidently not been studied. 

Toxicity for Laboratory Animals.—Ac- 
cording to Smyth, Carpenter, Weil, and 
Pozzani (1954) ethyl formate causes no 
irritation of the rabbit skin. As shown by 
these authors and by Gross (1938) it 
causes, however, irritation of the eyes and 
of the mucous membranes. The former 
found its oral toxicity quite low, the LDs5o 
for rats being 4.290 grams per kilogram 
(3.070-5.980) counting fatalities occurring 
within 14 days. In contrast to methyl for- 
mate, the subcutaneous injection of 1.0 ce. 
per kilogram is well tolerated, causing nei- 
ther local nor systemic reactions (Gross, 
1938). Similarly, Wachtel (1920) stated 
that the intravenous injection of 430 to 500 
mg. given as 5% solution caused no visible 
toxic effects in rabbits, but, as shown by 
Vogel (1897), the intrajugular injection 
of 28 mg. per kilogram of the undiluted 
ester causes an increase of the respiratory 
volume without depressing the central nerv- 
ous system. 

According to Duquenois and Revel 
(1935), inhalation by guinea pigs of air 
saturated with vapors of ethyl formate re- 
sults within a few minutes in tremors, pro- 
gressive depression of the central nervous 
system, and death from circulatory and 
respiratory failure. In contrast to methyl 
formate, ethyl formate does not produce 
nystagmus or rigor in frogs. Smyth and 
associates (1954) stated that air saturated 
with ethyl formate vapors can be inhaled 
for five minutes by rats without fatalities, 
whereas the inhalation of a concentration 
of 8,000 p.p.m. (24 mg/l.) killed five of six 
animals within four hours. Flury and Neu- 
mann (1927) reported that exposure of 
cats to concentrations of 32 mg. per liter 
(10,560 p.p.m.) causes after 20 minutes 
moderate irritation of the mucous mem- 
branes of the eye and respiratory tract, 
after 80 minutes progressive narcosis, and 
after 90 minutes death with pulmonary 
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edema. Concentrations of 44 mg. per liter 
(14,520 p.p.m.) caused after 17 minutes 
marked irritation of the mucous mem- 
branes, severe dyspnea, and staggering. 
When the exposure was discontinued after 
20 minutes one animal recovered, but the 
other died from pulmonary edema. Simi- 
larly, with concentrations of 40 to 130 mg. 
per liter, Gross (1938) noted in rabbits 
and guinea pigs marked depression of the 
central nervous system, and frequently the 
development of pneumonia. It appears, 
therefore, that ethyl formate is rather 
toxic with inhalation, especially with re- 
gard to the depression of the central nerv- 
ous system. Fuhner and Neubauer (1907) 
determined the minimal hemolytic concen- 
tration of ethyl formate for bovine eryth- 
rocytes as 5.25 gm. per liter (0.71 mol 
per liter). 

Toxicity for Man.—There are no reports 
on accidental or occupational poisoning 
from ethyl formate in man. According to 
Flury and Neumann (1927) concentrations 
of 32 mg. per liter (10,560 p.p.m.) cause 
progressive irritation of the eyes and mu- 
cous membranes which may last four hours 
after discontinuation of the exposure. 

Prophylactic Measures—According to 
the American Conference of Governmental 
Industrial Hygienists (1955) the maximum 
acceptable concentration of ethyl formate 
in air is 100 p.p.m. for eight hours’ expo- 
sure daily. In view of the rather high 
toxicity of this material, it should be han- 
dled with adequate precautions. Rooms 
contaminated with ethyl formate should 
only be entered with proper gas masks, and 


the eyes should be protected by goggles. 

Treatment of Poisoning.—This should 
follow the same principles as discussed with 
methyl formate. 


Propyl Formate 


Chemistry.—Propyl formate, formic acid propyl 
ester, HCOOC;:H:, has the molecular weight 
88.10. It is a colorless liquid of aromatic odor, 
has the specific gravity 0.901 at 20/4 C, solidifies 
below —92.9 C, boils at 80.9 C, is soluble to the 
extent of 2.2 parts in 100 parts of water at 22 C, 
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and miscible with alcohol and ether. Its flash point 
is 27 F (—3 C) by the closed cup method. 

Isopropyl formate, formic acid isopropyl ester, 
HCGOCH(CHs)s, has the molecular weight 88.10. 
It is a colorless liquid of the specific gravity 0.873 
at 20/4 C which boils at 68-71 C at 751 mm. Hg. 
It is soluble in water to the extent of 2.1 parts in 
100 at 22 C. Its flash point is 22 F (—5.56 C) by 
the closed cup methed. 

Neither of these compounds appears to 
have extensive application and no studies 
have been reported regarding their toxicity 
and potential dangers. According to Sim- 
mons and Fischer (1945) propyl formate 
is used as a fumigant for dried fruit, kill- 
ing insects and their eggs. 


n-Butyl Formate 

Chemistry.—n-Butyl formate, HCOO sCHs, 
has the molecular weight 102.13; it is a liquid which 
boils at 106.9 C and which has the specific gravity 
0.911 at 0 C. It is very slightly soluble in water 
but miscible with alcohol and ether. Its flash point 
by the closed cup method is 64 F (17.78 C). 

Uses.—n-Butyl formate is used occasionally as 
solvent for cellulose nitrate, cellulose acetate, 
ester gum, copal ester, coumarone, and mastic; it 
partly dissolves shellac (Durrans, 1944). 

Absorption, Fate and Excretion—n- 
Butyl absorbed through the 
lungs and from the gastrointestinal tract, 
but it has not been established to what ex- 
tent it is absorbed through the skin. Its 
metabolic fate and _ its 
evidently not been studied. 


formate is 


excretion have 

Toxicity for Animals.—According to 
Flury and Neumann (1927), cats exposed 
to static concentrations of 43.5 mg. per liter 
of air (10,418 p.p.m.) show signs of in- 
creasing irritation of the eyes, salivation, 
and, after 20 minutes, somnolence; after 
45 minutes they tolerate side position, after 
60 minutes they are deeply narcotized, and 
die after 70 minutes’ exposure with pul- 
monary edema. A dog exposed to this 
concentration developed irritation of the 
eyes, salivation, and, after exposure for 30 
minutes, vomiting and staggering; but it 
recovered aiter discontinuation of the ex- 
posure. Cats exposed to a flowing vapor- 
air mixture of 17 mg. per liter (3,941 
p-p-m.) showed salivation, lasting irritation 
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of the eyes, and, after one hour, staggering. 

Toxic Effects in Man.—As shown by 
Flury and Neumann (1927) concentrations 
of 43 mg. per liter (10,418 p.p.m.) cause 
in man immediately severe irritation of the 
eyes and blepharospasm, and become in- 
tolerable after a few inhalations. There 
are no reports on industrial or accidental 
poisoning with this compound. 

Prophylactic and Therapeutic Measures. 

These should be the same as discussed 
with methyl formate. 


Formate 


Chemistry—n-Amyl formate, HCOO(CH2):- 
CHs, has the molecular weight 116.16. It is a 
colorless liquid of the specific gravity 0.902 at 0 C 
which is solid below —73.5 C, boils at 132 C, and 
is very slightly soluble in water but miscible with 
alcohol and ether. 

i-Amyl formate, HCOO(CH2)2CH(CHs)s, has 
the molecular weight 116.16, and is a colorless liquid 
of the specific gravity 0.882 at 20/4 C, which is 
solid below —93.5 C, boils at 123.5 C, is soluble in 
water to the extent of 0.3 parts per 100 at 22 C, 
and is miscible with alcohol and ether. 

Uses.—According to Durrans (1944) amyl for- 
mate is a good solvent for cellulose nitrate, 
colophony, ester gum, copal ester, benzyl abietate, 
cumarone, and mastic; it is miscible with linseed 
oil, caster oil, and hydrocarbons. 

Absorption, Fate, and Excretion—No informa- 
tion is available regarding its fate in the organism 
or its excretion. 

Toxicity for Animals and Man.—No in- 
formation is available regarding its toxicity 
for animals or man, except a statement by 
Lehmann (1913) to the effect that, accord- 
ing to preliminary experiments, its narcotic 
action is three times as great as that of amyl 
acetate. There are no reports of accidental 
or industrial poisoning from this material. 


Cyclohexyl Formate 


Chemistry.—Cyclohexyl formate ¢ has the molec- 
ular weight 128.10. According to Lehmann and 
Flury (1938/1943), it is a liquid of the specific 
gravity 1.010 at 20/4 C which boils at 162.5 C and 
has a flash point of 123.8 F (51 C). 


tH 
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Uses.—As stated by Gnamm (1943) it is a high 
boiling solvent for nitrocellulose, but it is of 
moderate industrial importance. 


Toxicity for Animals.—According to 
Lehmann (1913) it is twice as volatile as 
cyclohexyl acetate and is about as toxic as 
the latter, and according to Gross (1938/ 
1943) the toxicity is of the same type and 
intensity as that of amyl acetate. 

Toxicity for Man.—There are no reports 
on accidental or industrial poisoning from 
this material. 


Methylcyclohexyl Formate 

Chemistry —Methylcyclohexyl formate § has the 
molecular weight 142.12. It is, according to 
Lehmann and Flury (1938/1943), a liquid of the 
specific gravity 0.957 at 20/4 C, which boils at 
176-180 C and has a flash point of 147.2 F (64 C). 

Uses.—According to Gnamm (1943) it is a high 
boiling solvent for nitrocellulose and of moderate 
industrial importance. 


Toxicity for Animals.—As stated by 
Lehmann (1913) it is about one and one- 
half times as volatile as cyclohexyl acetate, 
and according to Gross (1938/1943) its 
toxicity equals about that of amyl acetate. 

Toxicity for Man.—There are no reports 
of industrial or accidental poisoning from 
this material. 


Benzyl Formate 
Chemistry—Benzyl formate || has the molecular 
weight 136.14, and is a colorless liquid of the 
specific gravity 1.081 at 23 C, which solidifies be- 
low 3.6 C and boils at 202-3 C at 747 mm. Hg. 
It is insoluble in water, soluble in alcohol, and 
miscible with ether. 


Uses.—According to Durrans (1944) it 
is an excellent solvent for cellulose nitrate 
and acetate, ester gum, copal ester, benzyl 
abietate, cumarone, and_ glycerylphthalate 
resin. It is miscible with castor oil, linseed 
oil, and aromatic and petroleum hydro- 
carbons. 


C—C 


\CHCH, 
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Toxicity for Animals and Man.—No 
studies on its toxicity for animals have 
been reported, nor industrial or accidental 
poisoning in man. 


Allyl Formate 

Chemistry—Allyl formate, HCOOCH.CH= 
CHsg, has the molecular weight 89.09. It is a liquid 
of strong mustard-like odor which has the specific 
gravity 0.948 at 18 C, boils at 83.6 C at 768 mm. 
Hg, and is insoluble in water but soluble in 
alcohol. 

Uses.—It is used in organic chemistry. 

Toxicity for Animals.—Haas (1941) 
showed that allyl formate is a protoplasmic 
poison, in that concentrations of 1:500 cause 
injury of the eggs of the pond mussel, 
Anodonta, and concentrations as low as 
1:100,000 cause injury of their nuclei. 

According to Casals and Olitsky (1946) 
the intraperitoneal injection of 15 mg. per 
kilogram of allyl formate in saline is fatal 
to mice, 4 out of 21 animals dying within 
24 hours, 10 in 24 hours, and some within 
24 and 30 hours. It is therefore apparent 
that allyl formate is a highly toxic material. 

Gloggengiesser (1944) showed that in 
rabbits, dogs, and guinea pigs the admin- 
istration of allyl formate produces three 
types of reactions in the liver, namely (1) 
a serous inflammation which into 
complete necrosis, (2) degeneration of the 
parenchyma, and (3) unspecific changes of 
the vascular apparatus characterized by dila- 
tation and hyperemia of the capillaries and 
basophilia of the liver cells. According to 
Casals and Olitsky (1946) congestion of the 
sinoids is visible in rats after one to two 


passes 


hours, and the congestion may be asso- 
ciated with hemorrhages. After six to eight 
hours, periportal necroses may become 
visible, which increase in severity during 
the first 24 hours. As shown by Rosin and 
Doljanski (1946), the latter is preceded by 
hydropic degeneration of increasing in- 
tensity. According to Kaunitz and Selzer 


(1937) the liver of guinea pigs poisoned 
with allyl formate showed, after a tem- 
porary increase, a much lower oxygen con- 
sumption than that of untreated animals, 
but the activity of neither succinic acid nor 


citric acid dehydrogenase was seriously 
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affected. Spiess-Bertschinger (1944) showed 
that in thyroidectomized animals feeding of 
thyroid increases the serous inflammation 
of the liver, which increasingly becomes 
more severe and irreversible, progressing to 
severe necrosis. Benda, Locker and Rissel 
(1951) confirmed the findings of Kaunitz 
and Selzer as to the effect of small doses of 
allyl formate on the oxygen metabolism 
of the liver, and showed that there is in the 
liver tissue a distinct aerobic glycolysis and 
that addition of glucose to the substrate re- 
duces the intensity of the hepatotoxic ac- 
tion. These authors assumed that the 
inhibition of the oxygen metabolism is due 
to structural changes in the liver tissue and 
to inhibition of certain ferments, whereas 
the primary stimulation is due to liberation 
of ferments because of loosening the paren- 
chymal structure. As shown by Kriiskemper 
and Hartmann (1955) rats poisoned by 
repeated injections of 50 mg. per kilogram 
of allyl formate suffered a loss of serum 
albumin, with the onset of the serous in- 
flammation of the liver which parallels the 
increased oxygen consumption, triacetin 
cleavage, and phosphatase activity of this 
organ; whereas the cholinesterase activity is 


reduced. However, with increasing injury 
the first three functions are also reduced. 
It is assumed that the different behavior of 
these ferments with regard to time and 
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intensity is affiliated with their relation to 
different cells. 

Zawadski (1938) noted that allyl formate 
reduces the energy of the excised frog 
muscle, presumably because of an increased 
permeability of the muscular interfaces. 

Toxicity of Allyl Formate for Man.— 
There are no reports on accidental or in- 
dustrial poisoning with allyl formate, but 
from the above it is evident that it is a very 
toxic material which should be handled with 
greatest precaution. The treatment of such 
poisoning has to be symptomatic and sup- 
portive, and special attention should be paid 
to the function of the liver. 


Ethyleneglycol Diformate 


Chemistry.—Ethyleneglycol diformate, ethylene 
formate, HCOOCH:CH:0O0OCH, molecular weight 
118.09, is a liquid which boils at 174 C, and is 
soluble in alcohol and ether. 

Toxicity for Animals.—Smyth and asso- 
ciates (1941) determined its oral LDs5o9 for 
rats and guinea pigs as 1.51 and 0.39 gm. 
per kilogram, respectively. It is therefore 
considerably more toxic than the ethyl ester, 
the only formate for which comparable data 
are available. 

Toxicity for Man.—There are no reports 
on industrial or accidental poisoning from 
this material, but it should be handled with 
the same precautions as advocated for 
methyl formate. 


TaBLe 2.—Physical-Chemical Properties of Alkyl Formates 


‘Boil. 


Ester 


Methyl 60.05 0.974 20/4C 31.8 
Ethyl] 74.08 0.923 20/4C 54.2 
n-Propy! 88.10 0.901 20/4C 80.9 
i-Propyl 88.10 0.873 20/4C 71 
n-Butyl 102.13 0.911 OC 106.9 
i-Butyl 102.13 0.885 20/4C 98.2 
n-Amyl= 116.16 0.902 OC 132 

i-Amyl 116.16 0.882 20/4C 123.5 
n-Hexyl 130.18 0.886 20/4 C 155.5 
n-Heptyl 144.21 0.883 15/4 C 178.1 


1. Lange’s Handbook of Chemistry, 1956. 
2. Internat. Critical Table VII. 
3. Hodgman, Handbook of Chemistry and Physics, 32d, Ed. 
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Vapor *Surf. Tension 

Press.,* Acid at 20 Against 

Mm. at 1Flash 'Solubil. Hydrol. Air or Vapor, 
30 C Pt., F Water, p/100 Ks 25C Dynes/Cm, 


707.9 —2 30 2C 0.145 25.08 

297.5 4 11 18C 0.187 23.6 

104.1 27 2.2 22C 0.195 24.5 
22 21 22C 0.168 
64 v.sl. 0.187 
62 (35) _ 1.1 22C 0.190 - 
49 (50) 0.3 22C _ 
insol. 
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TOXICITY OF FORMIC ACID AND ITS ESTERS 


iPROPYL mPROPYL 


°c 


Comparison of Physical-Chemical 
and Toxicological Properties 
of Formic Acid Esters 

Comparison of the _physical-chemical 
properties of alkyl formates with their toxic 
properties is rendered difficult because of 
lack of comparable quantitative toxicological 
data, but the information available allows 
an approximate evaluation of their potential 
dangers. 

As illustrated in Table 2, the specific 
gravity of these esters decreases with in- 
creasing molecular weight, that of the iso- 
compounds being lower than that of the 
normal homologues. The boiling point in- 
creases and the vapor pressure decreases 
(Fig. 1) with increasing molecular weight, 
so that the inhalation hazard decreases with 
the higher homologues. Similarly, the flash 
point increases with the molecular weight, 
so that the higher homologues offer a smaller 
fire hazard. The isocompounds have a lower 
boiling point, lower flash point, and a 
greater vapor tension than the normal com- 
pounds. The solubility in water decreases, 
and the stability towards acid hydrolysis 
increases with the molecular weight. It is 
therefore apparent that the lower homo- 
logues, especially methyl formate, should 
have a greater irritant action than the higher 
homologues; which seems to be supported 
by the observations of Schrenk and asso- 
ciates (1936), and Flury and Neumann 


von Octtingen 


T 
iBUTYL ABUTYL AMYL 


Fig. 1.— Vapor pres- 
sure of alkyl formates 
at various temperatures 

| according to Hodgman 
(1950). 


90 100 0 


TIME IN MINUTES 


@--@ ime of Norcosis 
of Death 


| 

CH3 CaHs C3H7 
ESTER 

Fig. 2—Narcotic and toxic action of alkyl for- 

mates as measured by onset of narcosis and death 

after exposure of cats to approximately equimolec- 


ular concentrations (approx. 0.00042 mol/L.) 
(Flury & Neumann, 1927). 
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(1927). The opposite holds true for the 
hemolytic action of the alkyl formates. As 
shown by Fithner and Neubauer (1907), 
the minimum effective hemolytic concentra- 
tion of methyl formate is 1.47 mol per liter, 
that of ethyl formate 0.71, and that of the 
propyl ester 0.23 mol per liter. On the 
other hand, as illustrated in Figure 2, the 
data of the latter investigators show that 
the toxicity by inhalation of approximately 
equimolecular concentrations increases both 
as to narcotic and lethal effects with the 
molecular weight, and that, at the same time, 
the margin of safety between both functions 
becomes smaller. There is, however, one 
important difference between methyl for- 
mate and the higher homologues, in that 
with the former the animals die with con- 
vulsions in coma, i.e., with a picture similar 
to that produced by formic acid, and with 
the latter death occurs from central depres- 
sion and pulmonary edema. It appears, 
therefore, that the higher homologues are 
fatal because of their narcotic action, and 
that in the case of methyl formate some 
other factor, namely the more easy hydrol- 
ysis of the molecule, may play a role, as 
indicated in the eighth column of Table 2. 
This secondary action is also indicated by 
the greater margin of safety between nar- 
cotic and fatal concentrations of equimolec- 
ular amounts of methyl formate as 
compared with that of the higher homo- 
logues. Because of this mechanism, and of 
the greater volatility of methyl formate as 
illustrated in Figure 1, this compound is 
definitely the most hazardous material in 
this group. 

Department of Health, Education, and Welfare, 
Public Health Service. 
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Books 


Safe Handling of Radioisotopes. International Atomic Energy Agency, Vienna, Austria. 


Price, $1. Pp. 99. Available in U.S.A. from International Publications, 801 3d Ave., 
New York 22, 1958. 


This manual has no official status but recommends that radioisotope users follow the 
regulations in effect in their own countries or, if such regulations do not exist, the ICRP 
standards governing internal and external exposure to ionizing radiations. 

The user of radioactive materials will find the book invaluable in arriving at safe working 
procedures and radiation levels. Medical supervision, monitoring, accidents, decontamination, 
waste control, and disposal are briefly covered, each section being well written and well 
thought through. The appendices of the volume contain the “Maximum Permissible Levels 
for Exposure to External Radiations and for Radioactive Contamination of Air and Water” 
as recommended by the ICRP 1954 and 1958. Levels for permissible surface contamination 
are reported for France, Poland, Great Britain, the United States, and the U.S.S.R. 
Rosert E. Yoper 


Smoking: The Cancer Controversy. By Sir Ronald A. Fisher Price, 2 s. and 6 d. Pp. 47. 
Oliver & Boyd, Ltd, Tweeddale Court, 14 High St. Edinburgh; 39a Welbeck St., 
London, W. 1. 

Britain’s most eminent statistician forcefully presents the evidence and the arguments 
which have lead him to believe that the association between smoking and lung cancer is not 
yet fully understood. He does not pretend to base his arguments upon a review of all the 
literature, particularly the most recent. Fisher discusses mainly those major articles which 
historically were the firsts in assuming a casual relationship between smoking and lung cancer. 
He seems to imply or indicate that the proponents of this casual association have felt it to 
be so strong and obvious that no proponent has given all the steps of logical inference in a 
single presentation, if indeed such exists. 


Conference on Exposure to Silica Dusts in Industrial Atmospheres (Lisbon, Portugal, 
Sept. 12-13, 1956). Toxicological and Industrial Hygiene Committee of the International 
Union of Pure and Applied Chemistry: Prof. M. R. Truhaut, M. P. Arvey, M. Andre, 
Prof. Caglioti, Prof. A. Liberti, Dr. Nagelschmidt, Dr. Landwehr. Price, not given. 
Pp. 51, with 16 illustrations. Reprint from La Revue Mines, No. 4, 1957. 

This paperbound collection of reprints from La Revue Mines, No. 4, 1957, consists of 
five technical papers presented to the Conference on Industrial Exposure to Silica Dust at the 
Lisbon, Portugal, meeting in September, 1956, of the Committee on Toxicology and Industrial 
Hygiene of the International Union of Pure and Applied Chemistry. 

The papers presented were as follows: “Industrial Exposure to Crystalline Free Silica,” 
by A. P. Arvey (seven pages in French); “Methods used by French Central Laboratory of 
Chemical Services,” by M. Andre (one page in French); “Critical Examination of Chemical 
Methods for Determination of Free Silica in Dust,” by V. Caglioti and A. Liberti (four 
pages in English and French); “Physical Methods of Determining Free Silica,” by G. 
Nagelschmidt (four pages in English and French); “Critical Study of Sampling Methods to 
Determine Concentrations in Industrial Atmospheres,” by M. Landwehr (twelve pages in 
German and French). 


This group of papers emphasizes the international recognition that there is no practical, 
reliable method available or in prospect for determining quartz and/or other forms of silica 
in airborne dust in the supposediy physiologically important particle size ranges of 0.24 to 3y. 
It is a good survey of accepted and proposed methods of silica determination for industrial 
hygiene purposes. 

The conclusions were as follows: Crystalline forms of silica are most toxic. Practical 
toxic range for silicosis is 34 to 24. The lower limit is based on energy required to break- 
down particles. For equal surface areas, the particles in the lw range are considered most 
toxic because of probable solution of smaller particles. 
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There was no agreement on the mechanism of the toxic action of silica. There was no 
agreement on whether freshly fractured surfaces were important. Also there were no con- 
clusions on relative merits of silica solubility theory over active surface theory. 


Although phosphoric acid was considered to be the best agent for separation of crystalline 
silica, it was agreed that an effort should be made to agree on the best method for chemical 
determination of free silica. 

The x-ray diffraction method is considered the best physical method for crystalline silica, 
although it is of no value for amorphous silica. 


W. M. Pierce 


Danger in the Air. By Oliver Stewart Price, $6. Pp. 194, with 8 plates and 20 figures. 
Philosophical Library, Inc., 15 E. 40th St., New York 16, 1958. 


The author, editor of Aeronautics, air correspondent to the Manchester Guardian, and a 
pilot of long experience, presents a factual and discriminating account of selected British 
aircraft accidents beginning with the Airship R 101 to the Comet disasters of 1954. The 
chapter on the Comet accidents is one of the best, in which he shows how the evidence of 
the Italian doctors, the Farnborough tank tests, and the reconstructed parts proved the cause 
of the accidents. 


While describing the different types of accidents, certain principles clearly emerge in 
this delightful but substantial British book. One is the fact, “The continuation of the pilot- 
error routine is wholly wrong.” In the early days, according to the author, the pilot was 
responsible for practically all aspects of flying; nowadays that responsibility is shared by 
many specialists; hence putting the blame on pilot-error in obscure accidents is too naive. 
Another principle is the human engineering point of view which considers such factors as 
control faults, instrument errors and crew fatigue. Here the author shows that what might 
be attributed to pilot error is in fact partially if not wholly design error, i.e., arrangements for 
controls are too complicated and too confusing for a human being in an emergency. Finally, 
the book as a whole reminds us that while no transport is ideally safe, when accidents do 
occur two things happen: There is stimulation for greater safety, and new knowledge is gained 
which has more than once determined the course of aviation history. 


Genetics, Radiobiology and Radiology Proceedings, Midwestern Conference. By Wendell 
G. Scott, M.D., and Titus Evans, Ph.D. Price, not given. Pp. 149, with 23 illustra- 
tions. Charles C Thomas, Publisher, 301-327 E. Lawrence Ave., Springfield, Ill., 1959. 

This book is a well-organized, easily read discussion of the recent developments in the 
genetic damage of radiation. Several noted radiologists present information on how to keep 
exposures as low as possible during fluoroscopy, particularly on women in the child-bearing 
age. Perhaps the most important contribution this book makes is its brief yet complete state- 
ment on the genetic radiation effects of the Drosophila fly and mice. Several radical differences 
are apparent in the manifestations of similar damage to each species. This, of course, sheds a 
great deal of light and doubt of the extrapolation of data from relatively simple organisms to 
the complex system of man. The book can be very beneficial to a person desiring a general 
statement of the trend of present genetic experiments and their implications. 

Radiologists receive the brunt of the criticism of excessive use of x-rays, and sometimes 
“radiation hysteria” results, as most people only consider x-rays as the total radiation insult 
to their body. It is well pointed out that with proper use more good than harm will result 
from an x-ray examination. 


Rosert E. Yoper 


Air Pollution Control. By W. L. Faith, Director, Air Pollution Foundation, San 
Marino, Calif. Price, $8.50. Pp. 259. John Wiley & Sons, Inc., 440 4th Ave., 
New York 16, 1959. 

This book does precisely what its author intends. It presents an over-all survey of the 
problems related to air pollution. The language can be understood by anyone who can 
intelligently understand Life magazine, in short, any intelligent lay-man or technical person 
not specialized in air pollution. The authoritative reference bibliography, keyed to the con- 
text of the book, is a valuable feature. This feature will make the book an excellent intro- 
duction of the subject for neophytes entering public health and occupational medicine. 

The subject matter is handled well, beginning with a general explanation of air pollution 
effects, sources and nature of the commoner pollutants, and the importance of meteorologic 
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variables. That myriads of black smoke pillars to the sky of urban communities are silent 
monuments to inefficiency has copious coverage. Dusts, fumes, and mists are discussed 
briefly from aspects of their sources, sampling methods, and control measures. In a similar 
fashion gases are discussed. Odors are treated briefly. Motor vehicle exhausts are given 
considerable space, for photochemical smogs are a growing problem in California. Some 
principles of air pollution surveys and legal approaches are briefly mentioned. 

J. P. Bartiett 


Report of the Joint Program of Studies on the Decontamination of Radioactive Waters 
ORNL-2557. By Health Physics Division, Oak Ridge National Laboratory, and 
Robert A. Taft Sanitary Engineering Center, U. S. Public Health Service, Wash- 
ington 25, D. C. Price, $1.00. Pp. 62, with 23 illustrations. Office of Technical 
Services, U. S. Department of Commerce, Washington 25, D. C., 1959. 

This program report is available from both the AEC and the U.S. P.H.S. to any person 
acting in an official capacity. Others who are interested in the treatment of radioactively 
contaminated water may purchase the report from the Office of Technical Services. 

A number of ion-exchange resins and other chemicals were used in studying the removal 
of all fission products from water. It was found that no one method stood out as a com- 
pletely satisfactory water purifier, but several processes used in conjunction with one another 


would give “safe” drinking water, The several processes pursued included coagulation, sand 


filtration, and ion exchange. The valence state of the material makes a great deal of dif- 
ference upon which method is most effective for its removal. Sand filtration was the poorest 
mechanism studied, 
The detection instruments developed and used in this work are also discussed. 
Rosert E. Yoover 


News and Comment 


ANNOUNCEMENTS 
Scientific Exhibits for Industrial Health Conference.—Applications.are being solicited 
for Scientific Exhibits for the 1960 Industrial Health Conference which will be held in 
Rochester. Exhibits will be shown from April 26 through April 28. Application blanks and 
information may be obtained from George A. Hardie, M.D., Chairman of Scientific Exhibits 
Committee, 343 State St., Rochester 4, N.Y. 
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NEW M-S-A’ 
NOISE SURVEY METER 
SIMPLIFIES NOISE 
HAZARD MEASUREMENT 


This paim-sized instrument is housed in 
attractive plastic with 6” x 3” x 24%" leather 
zippered carrying case and neck cord. 


pa 


Now, with one small, battery-oper- 

ated portable instrument, you can 

measure and monitor noise hazard. 
A single reading describes the haz- 


frequency response characteristics 
based on hearing damage risk cri- 
teria. The Acoustical Studies Model 
employs a flat frequency response 


ard based upon sound pressure level suitable for architectural and acous- 
with a weighted frequency response. Acom- tical engineering noise studies. 

bination of a dial setting and meter read- New bulletin describes operating princi- 
ing indicates noise levels in the range of ples in complete detail. Write for your 
75 to 140 db. copy. Mine Safety Appliances Company, 


Two models of the new Noise Survey Pittsburgh 8, Pennsylvania. In Canada: 
Meter are now available. The Industrial Mine Safety Appliances Company of Can- 
Hygiene Model has been designed with ada, Ltd., Toronto 4, Ontario. 


Every day—in many ways—MSA products safeguard millions of lives 
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